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GROUND-WATER 
JAMESTOWN AREA, 
With Emphasis 
Hydrology of the Major 


RESOURCES OF THE 
NEW YORK 
on the 
Stream Valleys 


By 
Leslie J. Crain 


ABSTRACT 


The Jamestown area is in the extreme southwestern part of New York. 
The area is one of moderate re1ief and consists of three broad va11eys 1ylng 
between r011ing up1ands. A11 of the area except the extreme southeastern 
corner has been g1aciated, and the g1acia1 deposits consist of: (1) a thin 
veneer of glacia1 ti11 which overlies the bedrock throughout most of the 
area, and (2) extensive deposits of g1acia1 outwash, silt and clay, and til1 
which fi11 the three 1arge va11eys to thicknesses of more than 600 feet in 
p1aces. The bedrock in most of the area consists of Upper Devonian, shale, 
si1tstone, and sandstone. 


The most productive water-bearing deposits are in the three major 
valleys and consist of: (1) sand and grave1 that either over1ies or is 
interbedded in the silt and clay In the va11eys, and (2) sand and grave1 as 
deltas of tributary streams entering the valleys from the uplands. Beds in 
the 10wer part of these de1ta deposits interfinger with the sl1t and c1ay 
that under1ies the center of the va1Teys. 


The most important water-bearing deposit In the area is the Jamestown 
aquifer from which the city of Jamestown draws its water. The aquifer under- 
lies much of the Cassadaga Creek va11ey and extends eastward into part of the 
Conewango Creek va11ey. It consists of a g1acial deposit of sand and grave1 
averaging about 20 feet in thickness which is overlain by si1t and c1ay up to 
140 feet thick. The depth to the top of the aquifer is least in the Conewango 
Creek va11ey and increases up the Cassadaga Creek valley. 


The Jamestown aquifer is hydrau1ica11y connected to the lower part of 
several of the de1ta deposits in the Cassadaga Creek valley. Before pumping 
from the aquifer began, water was recharged to the aquifer through these delta 
deposits and discharged, by s10w upward perc01ation, through the sl1t and clay 
confining bed In the centra1 portion of the valley. At that time there was a 
gradient in the aquifer from north to southeast, and the hydrau1ic head was 
above 1and surface. 


The city of Jamestown now (1965) pumps about 6 mgd (ml11ion ga110ns per 
day) from a we11 field 10cated in the Cassadaga Creek va11ey northeast of the 
city. This pumpage has estab11shed a gradient In the aquifer toward the well 
fie1d from both north and south. The hydraulic head In t
e.aqulfer Is nOW 
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GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


depressed below the land surface except in the northern reaches of the 
Cassadaga Creek valley and in certain other areas during the spring of the 
year. About 90 percent of the water pumped by the city is derived from 
that portion of the aquifer north of the well field. Water in this part of 
the aquifer is recharged through the delta deposits. This recharge is 
derived both from precipitation on the deltas and from infiltration of water 
from the streams crossing them. When recharge from these sources is in- 
adequate, water is drawn from storage in the deltas. 


The maximum perennial yield of the Jamestown well field depends on the 
amount of water stored in the delta deposits and the gradient available to 
deliver the water to the well field. On the basis of records of water 
levels in the aquifer and of pumpage, the maximum perennial yield of the 
well field without dewatering the aquifer is estimated to be about 10 mgd. 
The limiting factor in the yield of the well field is the amount of water 
which can be derived from storage in the deltas during the summer season. 
The maximum perennial yield might be increased by constructing surface 
reservoirs on the tributary streams to store excess streamflow during the 
spring and release it to recharge the deltas during the summer. Also, 
additional water may be available from the northern part of the aquifer if 
supply wells are constructed in the areas little affected by the present 
field. 


Another important aquifer underlies the Conewango Creek valley near 
Poland Center. This aquifer consists of a deposit of sand and gravel under- 
lying the silt and clay near the center of the valley. The permeability of 
the aquifer is about 17,000 gallons per day per foot. The deposit is near 
the easternmost extension of the Jamestown aquifer but apparently is not 
connected to it. The aquifer near Poland Center appears to be hydraulically 
connected with Conewango Creek and may have a potential yield of a few 
million gallons per day. 


Water found in shallow unconsolidated deposits throughout the Jamestown 
area is generally moderately hard and low in chloride content. The water 
obtained from deeper unconsolidated deposits and bedrock underlying the 
valley bottoms may be highly mineralized and contain hydrogen sulfide or 
natural gas. 


At present (1965) about 10.5 mgd of ground water is pumped in the area, 
and public supplies account for about 7.5 and industries 1.5 million gallons 
of this total. Because many of the water-bearing deposits in the valleys 
have been only slightly developed_ this total probably can be increased 
substantially. 
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INTRODUCTION 


Ground water is the most important source of water in the Jamestown 
area. Most public, industrial, and private water supplies utilize ground 
water because of its genera) availability throughout the area, and because 
it requires little if any treatment prior to use. 


Realizing the present importance of ground-water supplies to the area, 
and that dependence upon and utilization of these supplies will undoubtedly 
increase in the future, the city of Jamestown entered into a cooperative 
agreement with the U.S. Geological Survey in 1960 for a study of the ground- 
water resources of the area. 


PURPOSE AND SCOPE OF INVESTIGATION 


The purposes of the investigation were to determine (1) the geologic 
and hydrologic conditions which control the occurrence of ground water in 
the area; (2) the availability and quality of the ground water, especially 
in regard to its suitability for domestic, municipal, and industrial uses; 
(3) the maximum perennial yield of ground water at the Jamestown well field; 
and (4) the areas in which large ground-water supplies may be developed in 
the future. 


The field phase of the project was conducted during the years of 
1960-63 and consisted of: 


(I) The collection of data on location, depth, diameter, and 
water-bearing material of wells, test holes, and springs. 


(2) Field examination of bedrock and surficial deposits to 
ascertain their water-bearing characteristics. 


(3) A program of test drilling carried out during the summers of 
1961 and 1963. 


(4) The collection and analysis of water samples from wells and 
springs. 


(5) The evaluation of aquifer characteristics by means of pumping 
tests and long-term pumpage records. 
(6) The observation of water-level fluctuations in several selected 
wells. 


(7) The measurement of stream discharges at approximately 100 sites 
in the area. 
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GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


Field work and data collection were concentrated In the major valley 
areas. There are sound reasons for this approach. Previous hydrologic 
investigations in other parts of New York State, with similar geologic and 
climatic conditions_ have established that yields of individual wells in 
the upland deposits are usually in the range of 10 gpm (gallons per minute) 
or less. Data collected in the uplands of the Jamestown area have shown 
that similar conditions also exist there. Tables in this report include 
records of more than 750 wells, test borings, and springs, and chemical 
analyses of more than 110 ground-water samples. Graphical logs for more 
than 250 wells and test borings are shown. 


The field work and preparation of this report were under the direct 
supervision of Ralph C. Heath, district chief. 


LOCATION 


AND EXTENT OF AREA 


The area covered in this 
New York as shown in figure I. 
Cattaraugus Counties. It lies 
and 79 0 30' west longitude, and 
approximately 580 square miles 


report is in the extreme southwestern part of 
It encompasses parts of Chautauqua and 
entirely within the area bounded by 79 0 00' 
42°00' and 42 0 25' north latitude. There are 
included in the report area. 


WELL-AND SPRING-LOCATION SYSTEM 


The wells and springs cited in this report are numbered on the basis 
of a geographic-grid (latitude-longitude) system. The area has been divided 
into quadrangles with a grid of lines of latitude and longitude spaced 
1 minute apart. Each well and spring is designated by a composite of three 
numbers: first, the digits of latitude, such as 210 for 42 0 10' (omitting 
the number "4"); second, the digits of longitude., such as 902for 79 0 02' 
(omitting the number "7"); and third, the number assigned to the wel1-;)'r 
spring within the I-minute quadrangle. The complete well number of the 
first well listed within the l-minute quadrangle described above would be 
210-902-1_ as shown in 'figure 2. A spring number is the same as a well 
number except that the suffix liSp" is added, such
as 209-903-1Sp. 
On the well- and spring-location maps in this report (pIs. I and 2) 
the last three digits of latitude and longitude are shown along the margin 
of the maps and only the number of the well or spring within each l-minute 
quadrangle is shown. 


ACKNOWLEDGMENTS 


Numerous individuals and organizations contributed to the success of 
the study by assisting in the collection of data and in providing background 
Information. 


Employees of the Geological Survey who aided materially in the collec- 
tion of field data include Richard A. Wilkens, geologist, and Roy Campbell_ 
hydraulic engineer. 
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- 
THIS REPORT 
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--- 
INVESTIGATION IN PROGRESS 


SCA LE 
20 0 20 40 60 80 MILES 
I , .. I' . I 


Figure 1.--Location of the Jamestown area, and the status of ground- 
water investigations in New York. (See list of 
published bulletins at end of this report.) 


Mr. "Merle W. Smedberg, superintendent of Public Utilities, Jamestown, 
provided pumpage and other data on the present Jamestown well field and 
other records collected by the city of Jamestown. Mr. Richard W. Cooper, 
senior engineer, Jamestown Pumping Station, assisted in the installation 
and operation of recording gages on water-level observation wells. Mr. Robert 
Page, mayor of Cassadaga, and Mr. Charles Cleland, water superintendent, 
supplied data on the Cassadaga well field and assisted In a pumping test. 
Mr. George Guild, water superintendent, Frewsburg, assisted In a pumping test 
and also supplied much useful data on the test drilling conducted by the 
village. Mr. James Dudley, superintendent of Public Works, Mayville, assisted 
In conducting a pumping test on the village wells. Mr. Thomas McKenna of 
Higgins and Sons Construction Company, Buffalo, loaned a high-capacity pump 
for use on the Poland Center pumping test and Incurred considerable expense 
in Installing and removing the pump. 
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Mr. William Brodie, district soils engineer, New York State Department 
of Public Works, Bureau of Soil Mechanics, Hamburg, provided drilling logs 
and ground-water levels for many test borings made in the area by that 
agency. Among the well-drilling contractors who gave Invaluable data on 
water wells are Layne-New York Company, Inc., Messrs. Elliot Schermerhorn, 
Howard Cranston, Halley Smith, Arthur Waite, Claude Taylor, Roy Dawley, 
C. F. Corbitt, and Robert Ehmke. 
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Figure 2.--Well- and spring-location system. 
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Dr. John G. Broughton, state geologist_ and Dr. Ernest H. Huller, 
professor of geology, Syracuse University, permitted the use of advan
e 
copies of Dr. Muller1s maps and manuscript on the glacial geology of 
Chautauqua County. 


Mr. Robert M. Howard, superintendent of highways, Chautauqua County, 
permitted the construction of test wells along county
ed roads and 
assisted in the collection of streamflow data. State and town officials 
who aided materially in the test-drilling program include Mr. Stanley Orser, 
resident engineer, New York State Department of Public Works, Mayville; 
Mr. J. M. Powers, resident engineer, New York State Department of Public 
Works_ Salamanca; Mr. Carl G. Maier, superintendent of highways, Cattaraugus 
County; and Messrs. Roger Anderson
 Ellington; Harold Carlson, Bustij' Arthur 
Cowen, Conewango; George Dieter, Stockton; Harold Ericsson, Poland; James 
Mcintyre, Gerry; and David 
turges, Harmony. 


Finally, much gratitude is due to the residents and industry officials 
of the area who permitted access to their property and gave infoMmitfon 
concerning their water supplies. 
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WATER SITUATION 
JAMESTOWN 


IN THE 
AREA 


GROUND-WATER SUPPLIES 


Fifteen communities are supplied by thirteen public water supply 
systems in the report area. Of these systems, ten obtain water from 
ground-water sources. The locations of the sources of all public water 
supplies are shown in figure 3. 


t 


/e 
# Sfnclalrvllle 
. 


Woodlawn 


(Randolph) 
. 


o Location of surface-water source 
e Location of ground-water source 


02345 
II I' 4. . 
Scale In mfles 


Figure 3.--Communities served by public water supplies, 
and the location and type of the source. 
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WATER SITUATION IN THE JAMESTOWN AREA 


The city of Jamestown is the largest sing1e consumer of ground water 
in the area of investigation, accounting for over ha1f the total pumpage. 
Average pumpage by the Jamestown system is near1y 6 mgd. This pumpage 
includes water supp1ied by the Jamestown system to the vi11ages of Celoron 
and Fa 1 coner. 


The vi11ages of Lakewood, Mayville, Cassadaga, Sinclairville, Frewsburg, 
and Cherry Creek a11 utilize ground water. Although the vi11age of Randolph 
is located immediate1y to the east of the report area, its we11 field is 
located in the report area. Two smaller ground-water supp1ies owned by the 
Prendergast Point Association and the Woodlawn Water District are located 
along Chautauqua Lake. 


Many of the 1arge industries in the area also obtain water from wells, 
and individua1 use ranges from a few hundred to hundreds of thousands of 
gallons per day. Several of these industries also use surface-water sources 
and water from public supplies to supplement their own systems. 


A1most the entire rura1 population of the area utilizes ground water 
as a source of supp1y. A1though the individual usage is not large, the 
total usage is substantial. Table 1 shows the estimated dai1y pumpage of 
ground water in the area in 1960. The total amount used at that time was 
approximate1y 10.5 mgd, with the city of Jamestown accounting for over half 
of this tota1. 


Tab1e I.--Estimated dai1y pumpage of ground water 
in the Jamestown area in 1960 


Source Popu1ation served JJ Use in gal10ns per day Y 
( 1960) 
Pub1ic supp1ies 62,000 7,500,000 
Individual supp1 ies 25,000 1,500,000 
Indus t ria 1 s upp 1 i es 1,500,000 


JJ Estimated from 1960 u.S. Bureau of the Census figures. 

 Figures obtained from N. Y. State Health Dept., estimates by 
owners, and computations based on population. 


SURFACE-WATER SUPPLIES 


Three communities have surface-water supplies in the report area. 
Chautauqua and Point Chautauqua both obtain their water f
 Chautauqua 
lake. The vi11age of Brocton is north of the report area but has a 
reservoir located on Slippery Rock Creek, northwest of Bear Lake, and a 
pipeline to Bear Lake for an auxi1iary supply. The 10cations of these 
supplies are shown in figure 3. 


- 9 - 



GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


WATER PROBLEMS 


The city of Jamestown has experienced a steadily rising rate of water 
consumption since 1935 as shown in figure 4, coupled with a gradual lowering 
of water level at its well field. The increasingly lower pumping levels 
during summer periods have caused the city to become concerned about the 
adequacy of its supply and to impose restrictions on the use of water. 
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Figure 4.--Annual pumpage at the Jamestown well field. 


Many industrial and domestic water supplie$ are reported to be in- 
adequate during the summer. Because many of the domestic wells had been 
adequate for years, much of the problem appears to be linked to an increased 
per capita use of water. One of the principal causes of the increasing 
demand for water apPears to be the rapid growth, in numbers and use, of 
water-using appliances in the home. 


As people have moved to the suburban areas many homeowners have 
experienced difficulty in locating adequate water supplies. In other 
localities many homeowners are using highly mineralized water because more 
suitable supplies could not be found. 


The intent of this report is to explore these problems and to determine 
whether present ground-water supplies are being depleted, how serious and 
widespread is the problem of poor quality water, and whether ground-water 
resources, as yet undeveloPed, will be sufficient to meet future needs. 
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GEOGRAPHIC 


SETTING OF THE AREA 


TOPOGRAPHY AND DRAINAGE 


Ground water occurs in rocks, and in New York the character of the 
rocks underlying an area is reflected to a remarkable degree by the topo- 
graphy. Therefore, it is worthwhile to comment briefly on the broad scale 
topographic (physical) features of the Jamestown area. The outstanding 
physical features of the area are broad, f1at-bottomed valleys separated by 
areal1y extensive uplands. The major topographic features are shown in 
figure 5. 


The uplands are r011ing, irregular-shaped hills that rise about 
700 feet above the val1ey f100rs. They are dissected by many narrow, 
steep-sided valleys cO
taining swift-flowing streams. The region in the 
extreme southeasterI' ",:orner is entirely different from the remainder of the 
area consisting or "Igh, steep-sided hills and very deep and steep-sided 
valleys. The !'\',ih'lestern corner of the area includes an escarpment which 
has a maxlmu!T' al ti tude of about 1,500 feet above mean sea level. The 
escarpment drops away quite sharply, toward the northwest, to the lowlands 
along Lake Erie at an altitude of about 650 feet. Lake Erie, which lies 
about I mile to the northwest of the area shown in figure 5, stands at an 
altitude of about 570 feet. The lowest altitude in the report area, south 
of the escarpment, is about 1,230 feet where the Conewango Creek valley 
crosses the southern boundary. The highest altitude is slightly over 
2,100 feet in the hills in the southeastern corner. 


The drainage of Conewango Creek, Cassadaga Creek, and Chautauqua Lake 
is southward into the Allegheny-Ohio-Mississippi River system. The escarp. 
ment along the northwestern part of the area separates this drainage from 
the Lake Erie-St. Lawrence River system to the north. The Conewango and 
Cassadaga Creek valleys are remarkably flat bottomed and the streams draining 
the valleys have exceptionally low gradients. For most of its length, 
Cassadaga Creek has a fall of less than 2 feet per mile, and the fall of 
Conewango Creek is similar. The gradient of Conewango Creek in the northern 
part of its valley is much less than 2 feet per mile requiring the construc- 
tion of a drainage ditch to supplement the natural drainage. (See plate 2.) 
These low gradients cause both of the creeks to meander back and forth across 
the valley bottoms. 


The Chautauqua Lake valley contains the lake itself and several low- 
lying areas along the shore. The lake is very shallow and flat bottomed, 
especially in the southern half. The Chadakoin River is the outlet of 
Chautauqua Lake, and where it flows through the city of Jamestown it falls 
approximately 50 feet in 3 miles. 


A few minor valleys are similar in appearance to the larger valleys in 
that they are flat bottomed and contain streams with low gradients. Examples 
are the valley of Stillwater Creek and the valley running south-westward from 
Chautauqua Lake. 
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GEOGRAPHIC SETTING OF THE AREA 


CULTURE 


The population of the Jamestown area is approximately 87,000 (U.S. Bureau 
of the Census, 1960). About 50,000 persons live in urban areas, all concen- 
trated in and around the city of Jamestown, and another 15,000 live in rural 
non-farm areas (villages and hamlets of less than 2,000 persons). The 
remainder of some 22,000 people live in rural farm areas. 


The most important industries, which are mainly concentrated in the 
vicinity of Jamestown, are engaged in the manufacturing of finished wood and 
metal products. Proximity to extensive hardwood forests makes Jamestown a 
center of furniture manufacturing. Other important industries are the manu- 
facturing of tools, machine parts, electrical appliances, and metal furniture. 


Dairy farming is the most important agricultural activity. Small truck- 
farming enterprises are located in the Conewango Creek and Chadakoin River 
va 11 eys . 


Tourism has long been of importance to the economy of the region. 
Chautauqua Institution at Chautauqua, which conducts concerts and lectures 
during the summer, attracts thousands of visitors. Large summer colonies 
have developed around Chautauqua Lake. Other parts of the area share in 
this business to a lesser degree. 


Most highway transportation in the area Is carried by N.Y. Route 17, 
the principal east-west highway, and Routes N.Y. 60 and U.S. 62, which 
handle north-south traffic. The Erie Railroad runs east-west through the 
area and the New York Central Railroad follows a north-south route. All of 
these transportation systems follow the major valleys. 



GEOLOGIC FRAMEWORK OF THE AREA 


Because ground water occurs in rocks, an understanding of its occurrence 
and availability requires first an understanding of the rocks underlying the 
area. The water-bearing rocks of the Jamestown area may be divided into two 
principal types: (1) the consolidated rocks, or bedrock, and (2) the uncon- 
solidated deposits which nearly everywhere overlie the bedrock. 


CONSOLIDATED ROCKS 


OCCURRENCE AND HISTORY 


The uppenmost bedrock form8tions that underlie the area, which together 
are more than 2,000 feet thick, are composed predominantly of gray shales 
with some interbedded siltstones and a few beds of sandstone and conglomerate. 
The formation of these rocks began.wlth the deposition of layers of clay, 
silt, and fine sand and gravel in shallow seas during the later part of the 
Devonian Period of Earth history, approximately 350 million years ago. 
Younger sediments were continually deposited upon older sediments until 
immen$e thicknesses accumulated. It is not known how long deposition con- 
tinued after the Devonian Period, but eventually the sediments became consol- 
idated into the shales, siltstones, and sandstones that are observed in the 
area today. The bedrock dips gently to the south at a rate of about 50 feet 
per mile. Thus, from north to south through the area, progressively younger 
bedrock is found near the surface. All of the bedrock younger than Late 
Devonian, if any great amount ever existed, has been eroded. The bedrock of 
the area has been divided by geologists Into several fonmations according to 
age, character, and area of occurrence. These fonmations are shown on the 
Geologic Map of New York State (Fisher and others, 1962). 


The Devonian rocks in the Jamestown area are underlain by a sequence of 
older sedimentary rocks more than 8,000 feet thick. These are, in turn, 
underlain by crystalline rocks more than a billion years old. None of the 
rocks older than the Devonian are ever penetrated by water wells. 


PHYSICAL CHARACTERISTICS 


The bedrock Is composed of countless layers or beds which. vary in 
thickness from a fraction of an Inch to several inches. Minute tabular 
openings develop along the planes separating the different beds (bedding 
planes), which cause the bedrock to separate into definite sheets when 
exposed at the surface. The bedrock also contains vertical fractures or 
Joints. These Joints may extend for distances of a few feet to several 
hundred feet In both length and depth, and most of them are perpendicular 
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to the bedding, or near1y so. The openings along these joints are also very 
minute and tabular, being largest near the 1and surface and becoming 
increasingly smaller with depth as the pressure caused by the weight of the 
bedrock increases. 


Beds of conglomerate, which consist of layers of polished, white, quartz 
pebbles imbedded in a dense, dark-colored matrix of shale or siltstone, occur 
near the hilltops in the southern part of the area. Bedding is poorly 
developed in the conglomerate. However, in an exposure near Panama, the 
conglomerate is separated into large house-sized blocks. The separation of 
these blocks is due to weathering along joints and a gradual creeping down 
the steep slopes under the influence of gravity. 


In the uPland i the bedrock surface is generally found at a depth of less 
than 25 feet below land surface. However, in the larger valley areas the 
depth to bedrock often ranges from 200 to 600 feet, or more, below land 
surface. The relief of the surface of the bedrock is, therefore, much greater 
than that of the present land surface. 


UNCONSOLIDATED DEPOSITS 


Most of the unconsolidated deposits in the area differ widely in physical 
and water-bearing characteristics. Because these deposits are extremely 
Important to the ground-water resources of the area, and may seem to occur in 
a random fashion, a discussion of the history of their formation will be 
helpful in understanding: (I) how they were formed; (2) why they are located 
in their present positions; and (3) why the surface of the area appears as it 
does today. The lithology and distribution of these deposits are shown in 
plates I and 2. 


GLACIAL HISTORY 


Beginning about 1,000,000 years ago the climate of the northern hemi- 
sphere became considerably colder than It is today. This change in climate 
resulted In the formation of a huge Ice sheet a few thousand feet thick, In 
eastern Canada, which through a period of several thousand years advanced 
into the northeastern United States. Whether this particular ice sheet 
advanced into the Jamestown area is not known. A gradual warming of the 
climate resulted In melting of the Ice sheet. At least three more cold 
cycles, each producing similar ice sheets, succeeded the first. As each of 
these sheets advanced It acted In much the same way as a bulldozer. Thus, 
we see today In the Jamestown area, the effect of only the last ice sheet. 
This sheet covered a11 of the area except the higher hills in the southeastern 
part. Therefore, we are concerned primarily with the glacial deposits of only 
the last major ice advance in the area. 


The principal events in the glacial history of the area are shown in 
figure 6. Figure 6a shows the area as It probably looked just prior to the 
first ice invasion. The major valleys of the region were in existence, and 
the preglacial Allegheny River flowed northward through what is now the upper 
Conewango Creek valley and into the area now occupied by Lake Erie (Huller, 
1963, p. 31). Cassadaga Creek and the streams draining the lower part of the 
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GEOLOGIC FRAMEWORK OF THE AREA 


Conewango valley are believed to have joined and flowed northeastward into 
the old Allegheny River. The stream draining the valley now occupied by 
Chautauqua Lake may have flowed northward. 


Figure 6b shows the area as the ice sheet began its advance. The main 
direction of ice movement was from the northwest and tongues of ice following 
the paths of least resistance moved into the major valleys ahead of the main 
ice sheet. During this phase the alluvial material in the valleys was shoved 
ahead of the ice and the bedrock eroded. As the ice blocked the north- 
flowing streams, lakes were formed. The preglacial Allegheny River, blocked 
on the north, eventually overflowed to the south and formed its present 
channel. 


Gradually, the main ice sheet covered the entire area except for the 
higher hills in the southeast corner (fig. 6c). This ice sheet eventually 
melted back from the area but may have been followed by as many as three more 
major ice advances and retreats. Long periods of time existed between the 
major ice advances as the c1imate warmed and then later cooled prior to the 
next major advance. As each ice sheet moved over the area it scoured away 
huge amounts of surficial material and bedrock from the hills and valleys and 
carried it along. The hills over which the ice had moved were left with 
smooth, rounded sides and the bedrock valleys were deepened and widened. As 
each ice sheet melted, it left glacial deposits covering the area and 
partially filling the valleys. An unsorted mixture of rock fragments termed 
glacial till was deposited beneath 'the ice during advancing stages. Lakes 
formed by the impoundment of the ice were partially filled by the deposition 
of fine sand, silt, and clay. 


The last major ice sheet advanced over the area and again covered all 
except the southeast corner. This ice sheet also scoured and carried much 
material along with it, but it also overrode some of the previous glacial 
deposits in the larger valleys. Along the line marking the maximum ice 
advance, moraines or large irregular ridges of glacial deposits were formed 
from the material being pushed ahead of the ice. The ice reached its maximum 
extent as shown in figure 6c, and began a general retreat from the area 
approximately 14,000 years ago (Muller, 1963, p. 14). This retreat was not 
continuous, but involved a series of minor re-advances and retreats resulting 
in an overall recession of the ice. During this retreat, lakes were im- 
pounded in all the valleys in front of the ice sheet. Sand and gravel were 
deposited in the valleys by south-flowing water released as the ice melted. 
Silt and clay was also deposited in the lakes. 


Finally, the ice melted back out of the area and into what is presently 
the Lake Erie basin. If the ice withdrew back far enough so that water 
impounded in front of the ice sheet could escape laterally, the area probably 
looked very similar to that as shown in figure 6d. Drainage in the major 
valleys would have been to the north due to terminal moraines blocking the 
southern parts of the valleys. It is possible that the ice sheet only with- 
drew a short distance into the Lake Erie basin during this period, and that 
lakes were maintained continuously in front of the ice sheet and in.to the 
valleys. Regardless of the exact sequence of events during this period, the 
time that elapsed during complete withdrawal of the ice sheet was undoubtedly 
very short. 


" - 
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Subsequent to the melting of the last ice sheet in the Jamestown area, 
a minor re-advance soon occurred, but the main ice sheet did not move out 
of the Lake Erie basin. As shown in figure 6e, it blocked the northern 
parts of the larger valleys with morainic material, supplied melt water to 
help breach the southern morainic dams, and turned their drainage permanently 
southward. Approximately 12,000 years ago (Muller, 1963, p. 48) this ice 
began to melt back to the north, out of the Lake Erie basin, and eventually 
melted from both the United States and Canada. 


As shown in figure 6f, lakes were left in all three of the valleys. 
Chautauqua Lake was, and still is, impounded by a terminal moraine at 
Jamestown. The lake in the Cassadaga Creek-lower Conewango Creek valleys 
was dammed by a terminal moraine in Pennsylvania about 6 miles south of 
Frewsburg. Morainic materials northeast of the village of Kennedy impounded 
another large lake in the upper part of the Conewango Creek valley. However, 
lakes are temporary features which are gradually filled with sediment and 
destroyed by the downcutting of their outlets. Flow from the lakes in the 
Cassadaga and Conewango Creek valleys gradually eroded away the morainal 
dams and the lakes disappeared except for a few remnant lakes in the 
Cassadaga Creek valley and large swamps in both valleys. The remainder of 
the present valleys have the flat bottoms which are characteristic of 
abandoned lake beds. 


Evidence of former beaches along the sides of the Chautauqua Lake basin 
indicates that the lake was from 20 to 30 feet higher in relatively recent 
time. Exposed areas of the former lake bottom are found along the Chadakoin 
River, and near Bemus Point, Hartfield, and other localities along the lake 
shore. If the water level of the lake were lowered another 20 feet the 
entire southern half of the lake would be destroyed. However, a dam has 
been constructed at Jamestown to control the lake level. This dam has 
prevented the Chadakoin River from further downcutting through the large 
moraine at Jamestown and, thus, is prolonging the life of the lake. 


The deposits left by glaciation cover all of the area with the exception 
of the southeast corner which was not glaciated. In some of the glaciated 
areas, particularly a'long streams subject to flooding, the glacial deposi ts 
are covered by a layer of sediment laid down during the last few thousand 
years. The extent of the various surficial deposits is shown in plates I 
and 2. 


GLACIAL DEPOSITS 


Several types of glacial deposits occur in the Jamestown area. These 
include deposits laid down directly by the ice (ice deposits); deposits 
fonmed by streams draining from the ice (melt-water deposits)
 
nd deposits 
laid down in lakes (lake deposits). 


Ice depos i ts 


The most widespread glacial deposit found in the area is til1. This 
material, which was "plastered" over the land surface by the ice sheet, is 
generally found immediately above the bedrock although it may appear 
wherever the i
e overrode previously existing material. 
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Till is generally found at the surface throughout the entire area shown 
as till and bedrock in plates I and 2. It is the only extensive unconsoli- 
dated deposit found in the uplands. Although till often is also present in 
the low-lying areas, it is overlain by other glacial deposits. The only 
low-lying areas where it regularly occurs at the surface are in the mixed 
deposits which are portions of moraines. 


Till consists of a heterogeneous mixture of clay, silt, sand, gravel, 
and boulders. It is usually quite compact and is termed "hardpan" by most 
well drillers. The composition of till may vary greatly, even in the same 
locality, because the relative amounts of its different constituents depend 
on what materials the ice had picked up from the areas over which it had 
advanced. The till in the Jamestown area is predominantly clayey as most 
of its constituents we
e derived from the local shale bedrock. lenses of 
sand and gravel are widely scattered through the till. In the large upland 
areas where till is exposed at the surface, some of the finer grained 
materials such as silt and clay have often been removed from the upper 2 or 
3 feet by weathering and erosion. This causes the till to be quite sandy 
and much coarser at the surface than it is several feet below the surface. 
The water-bearing characteristics of the till are discussed under "Upland 
Areas" in the section on "Ground-Water Hydrology." 


Melt-water deposits 


As the ice became stagnant and melted, immense amounts of water, silt, 
clay, sand, and gravel were released from the ice. large quantities of the 
coarse-grained material, the sand and gravel, were deposited in the valley 
areas 
Iose to the ice front as outwash sheets extending downstream from the 
front. Examples of these outwash deposits may be located in plates I and 2 
near Cassadaga, in the area south of Bear lake, and near Watts Flats. The 
deposits of sand and gravel near Cassadaga, Bear Lake, and Watts Flats are 
exposed at the land surface. Other deposits of sand and gravel, notably the 
deposit penetrated by the Jamestown supply wells, are not exposed at the 
surface. These deposits presumably were also laid down by streams carrying 
water down the valleys from melting ice. After the deposits were laid down, 
the valleys were occupied by lakes in which silt and clay was deposited on 
the sand and gravel. (See following discussion..of "lake Deposits.") 


Sand and gravel was also deposited as terraces along the valley walls 
by streams running over and under the ice sheet. Such terraces occur north- 
east and south of Kennedy. Deposits of sand and gravel also occur in the 
morainal areas where they are completely interbedded with deposits of silt 
and clay and till. These areas are mapped as "mixed deposits" tn plates I 
and 2. 


The large fan-shaped deposits of sand and gravel on the valley floors, 
such as near Ross Mills and Kimball Stand (pl. I), began fonming at about 
the same time that the sands and gravels in the main part of the valley were 
being deposited by melt water from the receding ice sheet. During this 
period of ice-dammed glacial lakes, the tributary streams deposited the 
coarse-grained sediment derived from the uplands as deltas in the lakes. 
The deposition of sand and gravel as deltas continued in the lakes in the 
valleys even after the ice had completely left the area. Gradually the 
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lakes disappeared from all the valleys except that now occupied by Chautauqua 
Lake. The sand and gravel in the deltas built along the sides of the 
Cassadaga Creek valley interfinger with the buried outwash deposit that 
supplies the Jamestown wells. (This subject is discussed in greater detail 
in the section dealing with recharge and discharge of the Jamestown aquifer.) 


Detailed descriptions of the occurrence of the sand and gravel deposits 
in the Jamestown area are given in the sections of this report dealing with 
the hydrology of the three major valleys. 


Lake deposits 


Deposits of clay and silt which wer
 laid down in lakes are found in 
the valley bottoms. When lakes were impounded by the ice or the morainic 
deposits, the quiet water allowed the silt and clay derived from the melting 
ice to settle out. Thicknesses of these deposits in excess of 200 feet are 
found in parts of the larger valleys. The lake deposits usually contain 
alternating layers of silt and layers of clay ranging from a fraction of an 
inch -to about 10 inches in thickness. These layers reflect the seasonal 
change in deposition in the lakes. During the summer periods as the ice 
melted, the coarser particles of silt were washed from the ice and deposited 
while water currents prevented deposition of the clays. During the winters 
the clay suspended in the water was able to settle out because the currents 
subsided as melting stopped for the winter. The most extensive of these 
lake deposits is shown as areas of silt and clay in plates I and 2. Lake 
deposits of silt and clay also occur at a few places along the valley walls 
as much as 100 feet above the valley floors. These deposits appear to have 
been laid down in small lakes which were impounded for short periods between 
the ice tongues and the walls. 


As mentioned in the preceding section on melt-water deposits, there are 
deposits of sand and gravel interbedded in the lake deposits. The origin of 
these sand and gravel deposits poses problems beyond the scope of this 
report. For instance, there are three separate layers of sand and gravel 
interbedded with more than 400 feet of silt and clay in the lower portion of 
the Cassadaga Creek valley. The most extensive of these layers occurs at a 
depth of 120 feet at the Jamestown well field, is about 20 feet thick, and 
covers several square miles in area. This deposit is believed to have been 
formed during a period when the valley was not occupied by a lake. 


The distribution of the lake deposits is discussed in greater detail in 
the discussion of the hydrology of the valleys. 


NONGLACIAL DEPOSITS 


Deposits of silt and clay are still being formed in the lakes that are 
present today. For example, silt deposition is becoming a problem in some 
areas of Chautauqua Lake. Mucklands found in parts of the valleys are also 
examples of recent deposition. Muck is formed by the partial decay of 
organic material and is still forming in most of the swamps. 
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The unconsolidated surficial materials in the southeastern corner of 
the area have probably been forming since long before the first glaciation 
of the region because there is no evidence of glaciation in that area. 
This surficial material consists of a soil which has been developed by 
thousands of years of weathering of the bedrock surface. 


Occasionally, during floods, the streams in the area overflow their 
banks. Flooding of the tributary streams entering the valleys from the 
uplands results in the deposition of a small amount of coarse-grained 
material on the delta deposits on the valley floors. 
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HYDROLOGIC CYCLE 


All the water found in the project area, with the exception of a small 
amount flowing across the northern boundary of the area in Conewango Creek, 
is derived from local precipitation. As precipitation falls, some of it 
immediately runs over the land surface and into the streams, lakes, or 
ponds; a part of it evaporates from the land and water surfaces and is, thus, 
returned to the atmosphere; some infiltrates into the soil where it is used 
by plants and transpired back to the atmosphere; and the remainder perco- 
lates down through the soil and reaches the zone in which all openings are 
filled with water ( the zone of saturation ). The surface of this zone is 
called the water table . The zone of saturation extends far below the water 
table to a point where pressure becomes so great that no openings exist to 
contain water. The zone between the land surface and the water table is 
known as the zone of aeration because it contains both water and air. A 
certain amount of water is held in this zone by molecular attraction while 
excess amounts percolate downward to the water table. The depth to the 
water table is different from place to place in the area and fluctuates 
seasonally through a range of several feet. The zone of aeration is non- 
existent in some areas, such as swamps, where the water table is at land 
surface. The water table is generally 5 to 10 feet below land surface in 
the uplands and as much as 70 feet below land surface on some of the sand 
and gravel terraces along the valley walls. Once water reaches the water 
table, it moves laterally under the influence of gravity to points of 
discharge such as springs and streams, and is then carried out of the area. 
An idealized illustration of this cycle of events is shown in figure 7. 


The process by which water is returned to the atmosphere, through 
evaporation and also transpiration by plants, is c
11ed evapotranspiration . 
The amount of water which falls on an area during any year is approximately 
equal to the amount which is lost by evapotranspiration and stream discharge. 
This balance, between the amount of water received and the amount discharged, 
is called the water budget. 


All water in the Jamestown area is derived from precipitation. There 
are many factors which determine the amounts of precipitation that will be 
used in meeting requirements for various parts of the water budget from 
year to year, especially the amount which will enter the ground and percolate 
to the water table. These include (1) the amount, intensity, and seasqnal 
distribution of precipitation; (2) air temperature; (3) type and amount of 
vegetation; (4) the porosity and permeability of the surface deposits and 
bedrock; and (5) the slope of the land surface. 
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FIGURE 7 IN POCKET WITH PLATES 


PRECIPITATION AND EVAPOTRANSPIRATION 


The c1imate of the region is of the humid-continenta1 type, character- 
ized by 10ng cold winters and short warm summers. The U.S. Weather Bureau 
station in Jamestown is the only long-term weather station in the project 
area. Records' have been collected there continuously, with the exception 
of a few months, since 1896. Mean monthly temperature, total precipitation, 
and snowfa11 at Jamestown are shown in figure 8. 


The average annual precipitation at Jamestown is 42.65 inches and the 
mean annual air temperature is 49.1 0 F (Fahrenheit), (U.S. Weather Bureau, 
1960). Precipitation is distributed quite even1y throughout the year with 
the exception of s1ight1y lower amounts in February and August. Snowfa11 
comprises a large percentage of the annual precipitation. Mean annua1 snow- 
fa11 is 92.6 inches at Jamestown. Snowfall often occurs irregularly over 
the region. The northern part of the area lies within the Lake Erie snow 
be1t and storms moving out of the Lake Erie basin often drop much 1arger 
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amounts of snow on and near the escarpment than they do farther south. The 
average length of the growing season at Jamestown is 144 days. This is 
somewhat longer than the season in the adjacent uplands. 


Precipitation may fall as snow or rain and an entire monthly total may 
fall during only a few days of the month. If large amounts of rainfall 
occur over short periods of time, much of the water is lost through overland 
runoff to the streams because the soil cannot absorb the water as fast as it 
falls. However, all or nearly all of a drizzle will soak into the ground. 
If precipitation occurs as snow, it is stored on the surface of the ground 
and has an opportunity to be absorbed by the soil slowly, if melting is not 
too rapi d. 
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Figure 8.--Mean monthly temperature, total precipitation, and snowfall 
at Jamestown. The mean monthly precipitation 
includes the water content of snow. 
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THE WATER CYCLE 


Due to higher air temperatures, a large part of the precipitation 
during the summer is lost by evaporation before it can enter the ground. 
Conversely, during the fall, winter, and spring, evaporation may return 
little of the precipitation to the atmosphere, thereby allowing more water 
to infiltrate. Because the growth of vegetation reaches its peak during 
the summer, most of the water absorbed by the ground during this period is 
intercepted by the soil zone and is used by plants. Large amounts of water 
are required for plant growth, and during periods when rainfall is scarce, 
water stored in the soil zone is depleted. Thus, the precipitation that 
infiltrates into the ground during the summer is used to replenish this 
soil moisture and little, if any, percolates through the zone of aeration 
to the water table. The first killing frost in the fall stops the use of 
water by plants. 


INFILTRATION AND OVERLAND RUNOFF 


The porosity and permeability of the surface and subsurface deposits 
are the properties which determine the rate and amount of infiltration into 
the ground. The porosity of a material is the percentage of its total 
volume that is comprised of voids or openings. This directly affects the 
amount of water that may be stored in the material. For example, a rock 
with a porosity of 40 percent has openings making up 40 percent of its total 
volume. Permeability is the ability of a material to transmit water. The 
more permeable a material, the more rapidly it can transmit water. This 
property is dependent upon the size, shape, number, and interconnection of 
the openings in a rock in contrast to porosity which depends only on the 
number and size of openings. As is well known, a given quantity of water 
can move more readily through a large-diameter pipe than through a small- 
diameter pipe. For the same reason, a larger quantity of water can move 
more easily through a rock which has large, well connected pores, than can 
move through a rock with small, poorly connected pores. The permeability 
of both bedrock and of unconsolidated deposits is expressed as the number 
of gallons of water that will move in one day through a I square-foot area 
under a hydraulic gradient of 100 percent (I-foot drop in head for each foot 
of horizontal movement). The permeability of a sand and gravel may be as 
much as 5,000 gpd (gallons per day) per foot. The permeubility of a clay or 
a shale bedrock may be less than I gpd per foot. 


Figure 9 demonstrates the relationships between the porosity and 
permeability of some common types of rocks found in the Jamestown area. 
The blocks of material on the left side of the figure are labeled with 
common values for the porosity of the different rock types that occur in 
the area. The different porosities show a wide range. The porosity of the 
bedrock is very low since the only openings are the thin bedding joints and 
near-vertical joints. The remainder of the block is solid rock. 


The till has a relatively low porosity since it is composed of a mixture 
of different size grains. The large boulders, cobbles, and smaller stones 
have smaller grains between them. These smaller grains all have still 
smaller grains in the spaces between them. This makes the till very compact 
with nearly all of the openings being very minute. The silt and clay block 
has a surprisingly large porosity. The grains are very small and the open- 
Ings between them are, in turn, very small but they are so numerous that their 
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FIGURE 9 IN POCKET WITH PLATES 
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total v01ume is large. The sand and the grave1 blocks have fairly high 
porosities but not as high as the si1t and clay. If the sand and gravel 
contains only minor amounts of smaller size grains, the openings between 
the grains will also be quite large and freely connected. 


The row of blocks down the middle of the figure illustrates specific 
yield and specific retention. For example, the saturated block of bedrock 
has a porosity of 2 percent. As the block is allowed to drain it will yield 
only a part of the water it contains. The water released from the rock is 
called the specific yield and is expressed as a percent of the total volume 
of the rock it represents. The water held by the rock which is retained as 
a film along the sides of the fractures through molecular attraction is 
called the specific retention . This is a1so expressed as a percentage of 
the total rock volume. In the case of the bedrock example, the specific 
yield and specific retention were each 1 percent which total the porosity 
of 2 percent. This indicates that the bedrock will yield only about half 
the water it contains. 


The examples of the other deposits in figure 9 demonstrate the differ- 
ences in specific yie1d and specific retention. The figure shows that the 
till, and the silt .
:id clay, yield very little of their water. The sand 
and the gravel ar;- at the other extreme as they yield most of thei r water 
and retain very" ittle. 


It should be emphasized that the values for porosity
 specific yield, 
and specific. retention in figure 9 are only relative. Since there is an 
infinite number of variations.in grain size, compaction, and sorting of the 
grains, the properties discussed and shown also have a large range of values. 


On the right side of figure 9 are diagrams illustrating the relative 
permeabilities of these different rocks. The water taps are all discharging 
water at the same rate. The buckets, containing samples of the rocks, are 
open at the bottom so that water may pass through freely. The water has 
great difficulty passing through the bedrock, silt and clay, and till. 
These substances would be regarded as re1ative1y impermeable. However, 
because the water passes through the sand and the gravel very easily, they 
are relatively permeable. 


Thus, it can be seen that precipitation falling on one of the more 
impenneable materials, such as till, cannot infiltrate readily and will 
tend to run off over the land surface. Just the opposite i-s true for a 
surface underlain by sand and gravel where the much higher permeability 
allows rapid infiltration. Other factors also influence the amount and 
rate of infiltration and overland r
noff. The slope of the land surface, 
soil development, and vegetation also influence the infiltration rate 
regardless of the permeability of the surface material. 


The amount of water reaching the zone of saturation is highly variable 
with respect to time. At certain times the amount exceeds the rate at which 
water is discharging from the zone and the amount of ground water in storage 
"increases. At other times no infiltration reaches the zone of saturation 
and the amount of ground water in storage declines. 
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Some of the complex interrelationships between precipitation, evapo- 
transpiration, overland runoff, and infiltration can be i11ustrated with 
figure 10. This figure shows the month1y lowest water level in we11 
203-929-1 for the period 1953-62, the month1y precipitation at Jamestown, 
and the computed amount of water surplus at Jamestown during the same 
period. The we11 is 10cated about 10 mi1es west of Jamestown in a till 
aquifer, and in approximate1y the same c1imatic environment as Jamestown. 
The water surp1us represents the amount of water avai1able for infi1tration 
or over1and runoff after demands for evapotranspiration are met. The water 
surpluses were computed according to a method devised by Thornthwaite (1957). 
This method provides re1iab1e estimates of the amount of water 10st by 
evapotranspiration. It considers such factors as rainfal1, air temperature, 
duration of sunl ight, and moisture-ho1ding capaci ty of the soi 1. ,The amount 
of water 10st by evapotranspiration is subtracted from the tota1 month1y 
precipitation. The amount 1eft is the water surp1us. A soil moisture 
content of 4 inches of water was used in these computations. A1though this 
figure for soi1 moisture may not be correct over a11 parts of the area, it 
is a reasonable average. The exact amounts of the surplus, in inches of 
water over the area, are a1so only approximate1y correct. However, the 
method a110ws a reasonable estimate of month1y water surplus and revea1s 
the months when there is a surplus or deficit of water. It shou1d be noted 
that the water surplus includes both ground-water recharge and overland 
runoff. 
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Figure 10.--Monthly 10west water 1evel in wel1 203-929-1, 
monthly water surplus, and monthly 
precipitation at Jamestown, 
1953-62. 



THE WATER CYCLE 


During the months when a water surplus was avai1able, as shown in 
figure 10, the water level in wel1 203-929-1 rose or remained 1evel. In 
months when no surplus was avai1able, and hence, no ground-water recharge 
occurred, the level in the well dec1ined, as water discharged natura11y 
from storage in the aquifer. During the winter and some of the fall and 
spring months, when air temperatures are 10w and vegetation is dormant, 
much surp1us water is availab1e, as evidenced by the rise in water level. 
During the summer, as temperatures rise and plant growth becomes rapid, all 
of the precipitation is used for evapotranspiration and no surplus water is 
avai1able for ground-water recharge. There are some exceptions to this, 
notably the years of 1956 and 1958, when rainfal1 during the summer exceeded 
the evapotranspiration demands and water was available for recharge. Some 
small declines may also be noted during the winter months when frozen ground 
prevents infiltration. In these cases most of the water surplus still 
remains on the ground as snow and is availab1e for release early in the 
spring. The time lags that may be noted on the graphs between water surpluses 
or deficits, and rises or declines in the water level, are due to the time 
required for water to percolate through the zone of aeration and reach the 
water table. 
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HYDROLOGY 


As water percolates down to the water table, it is added to storage In 
the zone of saturation. The rocks and unconsolidated deposits in the zone 
of saturation serve as reservoirs for the storage of water and as pipelines 
to transmit water. Those deposits which will yield usable quantities of 
water are termed aquifers . However, the term aquifer is relative. Till may 
be considered an aquifer in some areas where more permeable deposits do not 
exist. In areas containing sand and gravel deposits, till would not be 
considered as an aquifer or a source of water. 


As soon as the water reaches the water table, it begins to move lat- 
erally down the slope of the water table to some point of discharge. The 
rate of this movement is determined by the slope of the water table and the 
permeability of the material through which the water is moving. The rate 
of ground
ater movement may vary from a few feet per year in clay or till, 
to several feet per day in a coarse sand and gravel. The water moves down 
the slope of the water table until it reaches a point of discharge, such as 
a spring or stream, where the water table intersects the land surface. 
Quite often in the valleys of the Jamestown area, the aquifer through which 
the water is moving becon
s confined under an impermeable material such as 
clay. The pres.sure created by the weight of the water in the upslope 
portion of the aquifer causes a pressure to be exerted upward on the con- 
fining material. This results in artesian conditions and when the aquifer 
is tapped by a well, the water level will rise above the top of the aquifer. 
If the pressure is high enough f the water may even flow above land surface. 


Figure 11 shows an idealized diagram illustrating the occurrence of 
ground water under water-table and artesian conditions. As the water moves 
downslope under water-tab'le conditions, it becomes confined under artesian 
pressure where it moves under the confining bed as shown in the figure. 
The water throughout the artesian aquifer remains under. a head supplied by 
the weight of water 
t the point where the water is first confined. 


When the artesian aquifer is tapped by a well, the water will rise to 
a height in the well equal to the head supplied by the upslope (recharge) 
area of the aquifer, minus some loss of head due to friction as the water 
moves through the aquifer. The level to which water will rise in wells 
tapping the artesian aquifer is termed the piezometric surface . In an 
artesian system the aquifer remains completely full of water and the 
pressure in the system changes in response to recharge and discharge. 


A discussion of ground-wate
 hydrology includes a description of the 
occurrence, movement, recharge, discharge, and availability of ground water. 
In order to facilitate the discussion of the hydrology of the Jamestown 
area, it has been divided into four areas which will be discussed separately. 
These areas are (I) the uplands, (2) the Cassadaga Creek valley, (3) the 
Chautauqua Lake valley, and (4) the Conewango Creek valley. 
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Height to- which water will rise 
in a.well penetrating artesian 
aquifer (piezometric surface) 
Water - table 
springs 


Silt and cloy 


Figure II.--Idealized diagram showing the occurrence of water 
under water-table and artesian conditions. 


The wells, test borings, and springs discussed on the following pages 
may be located in plates 1 and 2, and data concerning them is presented in 
tables 6 and 7. Graphic logs for selected wells and test borings are shown 
in figure 43. 


UPLAND AREAS 


The portion of the area of investigation which will be considered as 
the uplands in this report includes all the areas shown in plates 1 and 2 
as being underlain by till. All upland areas can be treated conveniently 
as a unit because of the relative uniformity of the deposits and the simi- 
1arity of ground-water occurrence. This is true also for the nonglaciated 
area where the deposits consist of a residual soil developed from the 
underlying shale bedrock. The water-bearing characteristics of the soil in 
this 8,
{are simi lar to the ti 11 that is present in the remainder of the 
up 1 "

 >0 
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WATER-BEARING DEPOSITS 


As previously mentioned, the only extensive deposits which are found 
in the uplands are till and bedrock. The till averages about 25 feet in 
thickness and covers the bedrock nearly everywhere. In some small areas, 
particularly along some steep slopes, bedrock is exposed at the surface; in 
other areas the till may reach a thickness of more than 100 feet. An ideal- 
ized section of the occurrence of these deposits is shown in figure 12. The 
soil overlying the bedrock in the nonglaciated area in the southeastern 
corner of the area ranges in thickness from a few feet on steep hillsides to 
about 20 feet on the flatter areas. 


High water table 
(March-May) 


High stage 
(March- May) 
Low stoge 
(September-November) 


Low water table 
(September - Nov'ember) 
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Figure 12.--ldealized section showing the occurrence of deposits 
in the uplands and the relative yearly 
fluctuations of the water table. 


The composition of the till does not vary greatly throughout the area 
and the water-bearing character, therefore, is generally the same throughout 
the area. The till is relatively impermeable because of its unsorted char- 
acter and because of the high perce
tage of sl1t and clay which it contains. 
However, locally the till may contain lenses of sand and gravel up to an 
inch or more in thickness. These lenses are much more permeable than the 
till as a whole, and they locally increase its permeability. 


The composition and character of the bedrock is also very much the same 
throughout the entire area. The bedrock contains water in fractures and 
joints resulting in a low permeability. This permeability gradually 
decreases with depth because the openings along the joints become smaller 
as pressure, caused by the weight of overlying rock, increases. 
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In many areas of the uplands, the contact between the ti11 and the 
bedrock is Indistinct and consists of a zone where the lower few feet of 
the till is composed predominantly of fragments of the underlying bedrock, 
and the upper surface of the bedrock is highly fractured. This zone was 
formed by the crushing action of the glacial ice which broke thin-bedded 
rocks, such as those underlying the Jamestown area, into small irregu1ar- 
shaped fragments. This zone of broken bedrock has a higher penneability 
than either the overlying till or underlying bedrock. For convenience in 
thi s report it wi II be referred to as a IIrubb Ie zone." 


Recharge and discharge 


All the ground water in the uplands is derived from 10cal precipltation
 
The till has such a low permeability that much of this -precipitation is 
unable to infi1trate into the soil, and it runs off over the land surface 
into streams. The fairly steep hi1lsloPes, of course, facilitate the over- 
land runoff. 


Most ground-water recharge occurs during the fall, winter, and spring 
when evapotranspiration losses are low. Snow is probably the most effective 
source of ground-water recharge in the uplands because it tends to melt 
slowly and thus, has a greater opportunity to soak into the ground. Most 
precipitation during the summer occurs as thunderstorms. Precipitation 
accompanying these storms is very Intense and greatly exceeds the infil- 
tration rate. As a result, most of it runs off over the land surface. 


After the water which soaks into the ground percolates down to the 
water table, it begins to move laterally downslope through the till and 
bedrock to points of discharge such as streams or springs and seeps along 
the hillsides. During the summer the evapotranspiration rate equa1s in 
some areas the rate at which water moves through the ti11 and bedrock. When 
this happens, the flow of streams in the uplands becomes very low and may 
even cease entirely. 


In general, streams in the up1ands tend to be Iflashy." fn other words, 
during a heavy rain they carry large amounts of overland runoff and their 
flow Increases rapidly, while after the rain their flows decrease rapidly. 


The seasonal fluctuation of the water table Is much greater In the 
higher altitudes because of the movement of ground water from the hills 
into the adjoining valleys. Figure 12 shows the relative fluctuation of 
the water table in the hill and in the valley areas. The ground water 
moving toward the valleys tends to replenish the water that has moved from 
storage in these areas Into the streams. As there Is generally no signifi- 
cant recharge during the summer, the ground water moving toward the valleys 
is derived from upland ground-water storage. It may be observed in figure 
12 that the water 1eve1 in the drl11ed well is further below land surface 
than that in the dug we11. This reflects the 10ss of head as the water 
moves downward from the till through the bedrock. 
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Yields 


The yield of most wells in the uplands is only a few gallons per minute. 
The yield of wells in the same type of water-bearing materials vary widely 
over short distances and depend on the type of well, topographic position, 
character of the aquifer, and the spacing of wells. 


Ground water in the uplands is obtained by means of dug wells, drilled 
wells, and springs. Dug wells are particularly effective in the withdrawal 
of water from till. The large diameter of dug wells provides a large reser- 
voir in which ground water accumulates while the well is not being pumped. 
Even though the till is a very poor aquifer, this storage feature provides 
enough water for short periods of larg
 demand. 
The yields of till wells are variable but generally average less than 
half a gallon per minute. Successful dug wells usually intersect one or 
more sand lenses in the till. These small lenses, as previously mentioned, 
are fairly abundant in the till and greatly increase its water-transmitting 
capacity. The topographic position of a dug well also affects its yield. 
Because a dug well cannot be excavated for any great distance below the 
water table, those that are located on hilltops or the higher slopes tend 
to go dry during dry summers. This is caused by the larger fluctuation of 
the water table in these areas as shown in figure 12. In many places these 
wells can be deepened while the water table is low. 


Water is recovered from the bedrock aquifer by drilled wells. The 
success of a drilled well in the bedrock seems to depend to a great degree 
on the character and thickness of the overlying till, the topographic 
position of the well, and the number of water-bearing fractures penetrated. 


The existence of a moderately permeable zone, the rubble zone referred 
to earlier, along the contact of the till and the bedrock surface is an 
important factor in the yield of bedrock wells in the upland areas. This 
zone, where it exists, will usually contribute more water to wells than 
either the till or the bedrock. In fact, the rubble zone appears to con- 
tribute most of the water in many bedrock wells. In several drilled wells 
in the uplands, water was observed running into the wells around the bottom 
of the casing. The yield of none of these wells exceeded 6 gpm and it 
appeared that as much as 75 percent of the total yield was being contributed 
by this zone. 


The amount of water in storage in the bedrock is very small and most of 
the water pumped from bedrock wells probably percolates down fractures from 
the overlying till. Therefore, bedrock wells generally have a larger and 
more dependable sustained yield where the rock is overlain by at least 15 
to 20 feet of till. The topographic position also has an effect on the 
yield of drilled wells. Because ground water moves from tLe !JriaiidS to the 
valleys, more water is available to replenish storage at lower altitudes
 


Several water supplies in the uplands are derived from springs which 
are outcrops of the water table at the land surface (fig. 12). The yield 
of individual springs in the uplands ranges from less than I to about 10 gpm. 
Most springs in the uplands discharge water from the rubble zone immediately 
above the bedrock. In many places, instead of a distinct springhead, there 
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is a wet seepage zone 20 to 30 feet wide. Because springs are outcrops of 
the water table at the land surface, any fluctuation of the water table is 
very critical with respect to their yield. A slight decline in the water 
table is enough to decrease the yield of a spring substantially. Therefore, 
springs tend to be undependable sources of water during dry periods. 


Most springs that are used as water supplies are developed by construct- 
ing a small structure, similar to a shallow dug well, in and around the 
spring seep. This structure acts as a storage reservoir and the water is 
usually delivered by gravity pipeline. 


PRESENT SUPPLIES 


Domestic and farm 


Most of the water used in the uplands is for domestic and farm supplies. 
There are thousands of these supplies with individual use ranging from about 
50 to 1,000 gpd. By far, the largest proportion of these supplies are 
obtained from dug wells and springs although drilled wells in bedrock are 
becoming more common because of the more permanent nature of the supply. 


Public supplies 


There is some use of ground water from the uplands for public water 
supplies (fig. 3). The village of Sinclairville utilizes a spring supply 
(217-913-ISp) northwest of the village. The flow of several springs has 
been combined at this site. Total yield of the springs is about 22 gpm and 
the estimated daily use is 30,000 gallons. The spring supply is supplemented 
by a well in the valley-fill deposits at the south boundary of the village. 


The village of Cherry Creek also has a spring supply (217-908-1Sp). A 
total of seven springs has been developed at this site. The springs have 
a total yield of about 60 gpm and the estimated average daily use is 90,000 
gallons. The system also includes a well in the valley-fill deposits at the 
west edge of the village which is used to supplement the spring supply during 
periods of heavy use or drought. 


Spring 209-906-2Sp is used to supply 14 families at Kennedy. This spring 
is also supplemented by a well. 


The village of Brocton, which lies to the north of the area of investi- 
gation, utilizes a surface-water supply. The village has a reservoir on 
Slippery Rock Creek northwest of Bear Lake in the area of investigation 
(fig. 3). However, since the flow of the creek becomes very low during dry 
periods, an auxiliary pipeline to Bear Lake is also available for use. 
Average daily use by the village is 385,000 gallons. 


Industrial supplies 


The only industrial supplies in the uplands are located in the vicinity 
of the Jamestown Municipal Airport (pl. I). Two industries utilize drilled 
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wells in bedrock. The average combined use by these companies is reported 
to be about 90,000 gpd. 


FUTURE SUPPLIES 


Only small supplies of ground water can be developed in the uplands. 
The yield of most upland wells is generally less than 5 gpm. Yields of as 
much as 20 to 30 gpm are seldom obtained. Even if the yield of a bedrock 
well is only a gallon or two per minute, the depth of the well will often 
provide enough storage for an adequate domestic supply. 


The future development of large supplies of ground water in the 
uplands, such as would be required by some industries or public supplies, 
is limited. Due to the low permeability of the till and bedrock, wells 
having large yields are not to be expected. Although some public supplies 
have been developed, they all must be supplemented with water from the 
valley-fill deposits. Some wells are being used for industrial purposes 
but the industries involved do not have large water needs. 


CASSADAGA CREEK VALLEY 


The Cassadaga Creek valley includes the lowland area drained by 
Cassadaga Creek from the headwaters in the vicinity of Bear Lake and the 
Cassadaga Lakes to Hartson Swamp. It includes the portion of the Cassadaga 
Creek valley northeast of Falconer across which the Chadakoin River flows 
before it enters Cassadaga Creek. The character of the deposits underlying 
the surface of the valley is shown in plate I. The water-bearing character 
of the deposits is shown in plate 3. 


The valley of Cassadaga Creek is filled with a great thickness of 
unconsolidated material. Plate 3 shows this thickness through the use of 
contours of the altitude of the bedrock surface based upon both observed 
and reported depths to bedrocl'_ The location of wells tapping bedrock may 
be found in plate I. Depths to be
rock of 571 feet and 565 feet are 
reported for wells 210-915-1 an
 ' 
-912-33, respectively. The depth to 
bedrock is not known in the valley L
 
h of well 210-915-1. However, well 
217-918-3 reached a depth of 305 f
et .s; 
hout entering bedrock and well 
222-919-1 was terminated at 314 feet wit
')ut reaching rock. These data 
suggest a great thickness of valley fill all the way to the very northern 
head of the valley. Depths to bedrock in the portion of the valley occupied 
by Bear Lake range from about 100 to 160 feet. 


South of the Jamestown well field, the thickness of unconsolidated 
material is not quite as great. A depth to bedrock of 329 feet is reported 
at well 207-910-8 and 196 feet at well 207-910-5. 


Most of the unconsolidated deposits in the Cassadaga Creek valley 
consist of silt and clay (pl. 1). Silt and c1ay underlies the land surface 
throughout most of the central part of the valley from the vicinity of 
Stockton and Cassadaga downstream to Hartson Swamp. Mixed (morainal) 
deposits of gravel, sand, silt, clay, and til1 occur at the northern ends 
of the valley, north of Bear Lake and the Cassadaga Lakes, and along the 
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valley sides north of Hartson Swamp. Extensive deposits of sand and of 
gravel occur at the surface, both at the northern ends of the valley and as 
fan-shaped deposits along the valley sides to the vicinity of Hartson Swamp. 


As noted above, the Cassadaga Creek valley is underlain by nearly 
600 feet of unconsolidated deposits in the lower end of the valley (near 
Gerry and at the Jamestown well field). Most of this material consists of 
silt and clay. An exception to this is in the fan-shaped sand and the 
gravel deposits built along the valley sides which generally extend downward 
to bedrock and which interfinger with the silt and clay deposits. Sand and 
gravel deposits as much as 20 feet thick are also known to be interbedded 
with the silt and clay in parts of the valley. 


The character of the unconsolidated deposits in the Cassadaga Creek 
valley along certain vertical profiles is shown in figures 13, 14, and 15. 
Each of these profiles was drawn across sections of the valley where the 
character of the material was known from test wells or from reports of well 
drillers. The logs of the wells used in drawing the sections plus the logs 
of other wells are shown in figure 43. The sections in figure 13 are across 
the u-pper ends of the valley in the vicini ty of Bear lake and Lower Cassadaga 
Lake. Most of the upper layers in this part of the valley are composed of 
sand or gravel. The coarse-grained layers are underlain by clay and silt or 
till. 


Figure 14 is a section across the valley at Gerry. This section crosses 
the delta of Hatch Creek on the north side of the valley and the delta of an 
unnamed creek on the south side. It shows, therefore, coarse-grained deposits 
of sand and gravel on both the north and south sides of the valley. Because 
detailed logs of the material penetrated by the wells are not available, it 
is not possible to show the complex interfingering of the sand and gravel 
layers with the silt and clay. The sand and gravel deposit penetrated between 
altitudes of 1,095 and 1,115 feet in wells 210-915-1 and -2 is a part of the 
Jamestown aquifer which will be discussed in the following section. It may 
be observed that another layer of sand and gravel was penetrated also at an 
altitude of about 1,000 feet, approximately 100 feet below the Jamestown 
aquifer. The log for well 211-915-1 suggests that the well penetrated 
numerous layers of sand interbedded with silt and clay. However, the driller 
did not keep a detailed record of the different layers. 


Section A-A' in figure 15 crosses the Cassadaga Creek valley near the 
junction of Cassadaga Creek and the Chadakoin River. The section shows a 
complex interlayering of sand and gravel and silt and clay. The sand and 
gravel deposit penetrated at an altitude of about 1,140 feet in wells 
207-910-8 and 208-910-2 is a part of the Jamestown aquifer. The sand and 
the complexly interbedded sand, gravel, silt and clay at the left (south) 
side of the section appears to be a part of the moraine that was built by 
the ice across the lower end of the Chautauqua lake valley. 


All the sand and gravel deposits in the Cassadaga Creek valley are 
sources of ground-water supply. For convenience, these deposits will be 
divided into the following groups for purposes of discussion: (I) Jamestown 
aquifer, (2) deltas as aquifers, and (3) deposits in the upper Cassadaga 
Creek valley. 
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GROUND-WATER HYDROLOGY 


JAMESTOWN AQUIFER 


The sand and gravel deposit tapped by the Jamestown public supply wells 
is the most important source of ground water in the area. For convenience 
in the following discussion this aquifer is herein referred to as the 
Jamestown aquifer. 


The extent of the Jamestown aquifer is shown in figure 16. As may be 
seen from the figure, it extends from Hartson Swamp up the Cassadaga Creek 
valley to the vicinity of Towervi11e Corners. The aquifer consists of sand 
and gravel. Composition of the aquifer seems to be relatively consistent 
throughout its area except in the Towervi11e Corners area where it is pre- 
dominantly a gravelly fine sand. Near Towerville Corners the aquifer reaches 
a thickness of about 40 feet. At the Jamestown well field it ranges from 
about 15 to 20 feet thick and consists of coarse sand and gravel. At well 
207-908-3 in Hartson Swamp, the aquifer consists of 20 feet of medium to 
coarse sand and gravel. It thins to less than 10 feet to the south and east 
of the swamp. 


The aquifer is overlain and underlain by deposits of silt and clay which 
confine the water in it under artesian pressure. The thickness of the con- 
fining layer overlying the aquifer ranges from about 80 feet in the Hartson 
Swamp area to about 140 feet in the vicinity of Towervi11e Corners. The 
thickness of the confining bed is about 120 feet at the Jamestown well field. 
The data from wells suggest that the aquifer extends to the south of Hartson 
Swamp past well 206-908-6. If the aquifer does, in fact, extend into this 
area the confining bed is absent in a small area south of the 1,210-foot 
contour in figure 16. The depth to the top of the Jamestown aquifer, and 
therefore, the thickness of the confining bed is shown at several points in 
figure 16. 


The aquifer reaches its highest altitude south of Hartson Swamp. The 
altitude of the top of the aquifer declines to the north up the Cassadaga 
Creek valley to an altitude of less than 1,120 feet in the Ross Mil1s- 
Towerville Corners area. 


Jamestown well field 


The city of Jamestown has been obtaining its water supply from the 
Jamestown aquifer since at least 1888. The first well field and pumping 
station were located on the east bank of Cassadaga Creek at Levant (fig. 16) 
about 2 miles northeast of the city. The Levant site contained 15 wells on 
4 acres of land which flowed above land surface when not in use. They were 
pumped by a siphon arrangement which delivered water to the pumping station 
and was then pumped into the distribution system. This water supply system, 
owned by private interests, was purchased by the city of Jamestown in 1903. 
Soon thereafter, the city became concerned about the adequacy of the supply 
at this site and began an investigation to locate an additional source of 
supply. 


It was detenmined during the investigation that the Cassadaga Creek 
valley was still the best area for the development of a water supply. About 
1915, work was begun on a new well field in the Jamestown aquifer at a site 
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approximately 1 mile northwest of the Levant pumping station. Ten wells 
were drilled at the new location. These wells were finished with casing 
from land surface to the top of the aquifer, 20 feet of perforated casing 
through the aquifer, and 100 feet of casing b
low the aquifer. The casing 
below the aquifer was installed to permit the wells to be pumped by the 
"air-lift" method. The city planned to use the new field in conjunction 
with the Levant wells. 


However, due to the fact that the Levant station was in need of 
extensive repairs and the location was subject to inundation during floods, 
it was decided to abandon the Levant pumping station entirely and to locate 
a new pumping station at the site of the new wells on the west bank of the 
cree k. 


EXPLANATION 


-129 
We II location, figure denotes depth, In feet to 
tap of aquifer below land surface 


1 


--"60-- 
Contour showing altitude of top of aquifer, in 
feet,above mean sea level (contour interval 10 feet) 


--------- 


Approximate contact between tlll- bedrock areas 
(uplandS) and vall ey -fll I deposits 


Jamestown aquifer (areal 8IItent) 


SCALE 
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Figure 16.--Areal extent and altitude of the top 
of the Jamestown aquifer. 
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Before the new well field was placed. in service, it was decided not to 
use the 10 wells dri11ed for the "air-lift" method and instead to drill 9 
new wells to be pumped by siphon in order to avoid pumping costs. The 10 
wells drilled for the "air-lift" method were held in reserve to be used only 
if drawdowns became too great to siphon the water. A receiving well 30 feet 
in diameter and 50 feet deep was constructed as a part of the siphon system. 
This receiving well permitted the siphons on the supply wells to lower water 
levels in the well field to approximately 35 feet below land surface. The 
water was pumped from the receiving well into the distribution system. The 
new well field was put into operation in 1923 at which time the Levant 
station was permanently abandoned. 


By the 1940.s daily pumpage at the Jamestown well field occasionally 
exceeded 5 mgd and water levels, especially during the summer, became 
critical as far as the siphon system was concerned. Since pumping the 
unused "air-lift" wells at the field by the "air-lift" method was considered 
obsolete and inefficient, it was decided to drill new wells and equip them 
with deep-well turbine pumps. In 1947, seven new wells were drilled and 
equipped with pumps. In 1956, an additional well was drilled and in 1957, 
two of the wells originally intended for the "air-lift" method were equipped 
with deep-well pumps. 


Figure 17 shows the location of all the wells and test borings around 
the Jamestown well field. The location of the wells presently equipped 
with deep-well pumps is indicated. 


Pumping rates at the Jamestown well field have shown a progressive 
rise since the late thirties (fig. 4) and are nOW (1965) approaching an 
annual rate of 6 mgd. Water levels at the well field have declined steadily 
with the increasing pumping rate and during recent summers have declined to 
more than 60 feet below land surface. The decline in water levels has for 
several years been of concern to the city. This concern has naturally 
centered around the maximum perennial yield of the Jamestown aquifer. 
Because of the importance of the aquifer as a source of water supply, a 
detennination of the perennial yield is essential to the city.s long-range 
plans. A study of the yield formed an important part of this investigation. 
The determination of the yield requires an understanding of the hydrology of 
the aquifer, especially where the water is comipg from, how it moves through 
the aquifer, and where it is being discharged. 


Hydrologic situation 


Prior to the withdrawal of water from the Jamestown aquifer by the 
city, the water in the aquifer was under sufficient pressure to rise above 
land surface. No static water-level measurements made at the time have 
been preserved, but the water level is reported to have risen as much as 
10 feet above land surface at the present well field (Merle W. Smedberg, 
oral communication). (It is possible that this value reflects some drawdown 
from the Levant well field.) Prior to the start of large-scale withdrawals, 
it is probable that water levels were above land surface throughout the 
aquifer. The pumpage at the Jamestown well field has depressed water levels 
throughout the aquifer and wells no longer flow at land surface south of 
Ross Mills. Water levels between Ross Mills and Gerry rise above land 
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e20 


2 9 0 


ED 33 


Creek 


Well 
numbers 


Well 
numbers 


208-912 


208-911 
.. 


-4 


EXPLANATION 
o 
Location of well presently equipped with deep well pump 
o 
Location of well not presently equipped with pump 
e 
Location of well which has been destroyed 


$ 
Location of tesJ hole (destroyed) 
@ 
Location of observation well equipped with a water-level recorder 


? 


SCALE 
200 


4 
 O Feet 


Figure 17.--Location of pumped wells, abandoned wells, and 
test holes in the Jamestown well field. 
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surface only during the spring of the year. North of Gerry water levels are 
still above land surface year round and at well 212-916-1 are as much as 20 
feet above land surface in the spring. Thus, the pumpage has essentially 
stopped all natural discharge except in the northern part of the aquifer. 


On the basis of the artesian pressures discussed above, it is obvious 
that a hydraulic gradient existed between the Jamestown aquifer and the land 
surface prior to the start of large withdrawals. As a result of this gradi- 
ent, water discharged upward from the aquifer into Cassadaga Creek and the 
adjacent surficial deposits. This discharge was undoubtedly at a slow rate 
because of the substantial thickness and low permeability of the silt and 
clay confining bed. The decline of artesian pressure accompanying the 
pumpage has stopped this discharge in the vicinity of the well field and has 
substantially decreased it in all other areas. 


The conditions governing natural discharge from the aquifer are readily 
apparent from the water-level data cited above. The conditions governing 
recharge, on the other hand, are much more obscure. Howard Cranston, 
consulting engineer of Fredonia, N. Y., theorized in a report prepared for 
the city in 1946 that the aquifer is recharged through the extensive 
surficial sand and gravel deposits in the vicinity of Bear Lake and 
Cassadaga Lakes. (See plate 1.) (It was not possible to locate a copy of 
the Cranston report during this investigation. However, a detailed summary 
of it appears in an article by John K. Loope which was published in the 
Jamestown Post-Journal of January 7, 1947.) Cranston postulated that the 
deposits near Bear Lake and the Cassadaga Lakes were a continuation of the 
Jamestown aquifer and that they disappeared under the silt and clay deposits 
in the valley to the south. Because there is a difference in elevation of 
50 feet between the valley floors in the upper prongs of the Cassadaga Creek 
valley and the valley floor at the well field, Cranston believed that water 
entered the sand and gravel deposits in the upper portion of the valley and 
moved down the valley under the confining bed to the Jamestown well field. 
Cranston based his conclusions largely on surficial geologic data. 


In addition to the theory advanced by Cranston, it was thought at the 
start of this investigation that at least two other sources of recharge 
might exist. One of these was by leakage from Cas
adaga Creek vertically 
downward through the confining beds in the vicinity of the well field and 
the other was by seepage into the aquifer along the margins of the valley. 
As noted above, it was known that natural discharge from the aquifer, prior 
to the start of large withdrawals, was by upward leakage through the 
confining bed. However, no infonnation was available on the amount of the 
leakage. The confining bed was known to be composed of 120 feet of silt 
and clay at the present well field which precludes very substantial movement 
of ground water, but it was possible that the confining bed was thinner or 
cOmPOsed of more penmeable sediments along other parts of the stream. If 
so, it was visualized that substantial recharge might occur through such 
areas under pumping conditions. 


With respect to lateral seepage into the aquifer along the margins of 
the valley, It was known at the start of the investigation that the deltas 
built 
y the tributary streams, such as Folsom Creek along the margins of 
the valley, were cOmPOsed of sand and gravel. However, it was not known 
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whether these deposits extended downward to the level of the Jamestown 
aquifer. It was recognized that if they did, substantial recharge might 
enter the aquifer through the deltas. 


All of the three possible sources of recharge discussed above were 
based mainly upon surficial geologic evidence, and it was apparent at the 
beginning of the investigation that an intensive study of the Cassadaga 
Creek valley would be needed to determine which was the principal source. 
The investigation in the valley consisted of three principal phases. The 
first was devoted to a study of existing wells and to the construction of 
test holes and test wells to determine the extent and character of the 
aquifer and the thickness and character of the confining bed. The second 
phase was devoted to the collection of data on the flow of Cassadaga Creek 
and its tributaries to detenmine where water was being lost from the 
streams. The third phase consisted of the collection of data on water 
levels to determine the direction of movement of water in the aquifer and 
the areal extent of the cone of depression developed around the well field. 


Recharge in upper Cassadaga Creek vaI1ey .--The depth, yield, character 
of the deposits penetrated, and other data were compiled for all known deep 
wells and many shallow wells in the Cassadaga Creek valley. Because most 
of the people reside along the sides of the valley, relatively few wells 
were found in the central part of the valley where data were needed most. 
It was necessary, therefore, to drill test holes and test wells to supplement 
the data from existing wells. 


The extent of the aquifer, as determined from the well data, is shown 
in figure 16. No deposits recognizable as a part of the Jamestown aquifer 
were found north of well 212-916-1, located about a mile southeast of 
Towerville Corners. According to Cranston's theory the depth to the top of 
the aquifer should decrease up the Cassadaga valley. However, figure 16 
shows that the depth to the top of the aquifer actually increases up the 
valley. A test hole (214-918-9) near South Stockton, drilled with a power 
auger, penetrated about 10 feet of interbedded clay, silt, and sand at the 
surface and 122 feet of silt and clay. If the aquifer exists at this 
location it is more than 132 feet below land surface and is obviously not 
hydraulically connected to the sand and gravel 
hat underlies the surface 
in the upper prongs of the Cassadaga Creek valley. 1t is remotely possible 
that the thin sand bed penetrated at a depth of 250 feet by well 217-918-3, 
near the junction of the two prongs of the valley, is a part of the Jame
town 
aquifer. This sand bed, if it is a part of the aquifer, is separated from 
the surficial sand layer by 210 feet of silt and clay. Data from wells 
suggest that the Jamestown aquifer does not extend into the upper parts of 
the Cassadaga Creek valley. If the aquifer does extend into the valley, it 
is overlain by more than 200 feet of silt and clay which would prevent any 
substantial recharge from the surficial deposits. 


Data from existing wells and test holes on the deltas along the valley 
sides show that the deposits of sand and gravel comprising the deltas 
extend downward to the thin till deposit overlying bedrock. Well 209-913-12, 
northeast of Ross Hills (pl. 1), also showed that the sand and gravel layers 
of the delta of Folsom Creek interfinger with the silt and clay layers that 
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overlie the Jamestown aquifer. The interfingering of the deposits is shown 
in figure 18. This figure also shows a hydraulic connection between the 
delta and the aquifer although such connection was not indicated by the 
well data. Further discussion of the hydraulic connection between the 
delta and the aquifer appears in a following section. 
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Recharge from Cassadaga Creek .--The well data collected during the 
first phase of the study showed that the confining bed above the Jamestown 
aquifer became thinner to the southeast. However, the data did not indicate 
any change in permeability of the bed. Thus, the possibility of substantial 
recharge occurring by downward seepage from Cassadaga Creek did not appear 
promising at the conclusion of the first phase of the study. However, the 
discharge of Cassadaga Creek and its tributaries in the vicinity of the well 
field was measured at several sites during periods of low flow to determine 
if the flow decreased in the vicinity of the well field. A decrease in flow 
would indicate downward seepage of water into the aquifer. Measurement 
sites are shown in figure 20 and the measurements are tabulated in table 2. 


It may be observed from the measurements made on June 26-27, 1962, that 
the flow of Cassadaga Creek was 32.6 cfs (cubic feet per second) at site 15 
and only 32.7 cfs at site 10 about 2 miles downstream. Normally, the flow 
of a stream increases in a downstream direction. The increase in flow of 
only 0.1 cfs does not indicate a loss of water but rather the lack of inflow 
from the tributaries in this stretch of channel as indicated by the measure- 
ments at sites 12 and 14. A substantial loss of water from Cassadaga Creek 
should be apparent in a comparison of the measurements for sites 10 and I 
because the well field is located approximately midway between these sites. 
Instead of a loss, such a comparison shows a pickup of 1.3 cfs. Therefore, 
it may be concluded that seepage from Cassadaga Creek into the aquifer is 
negligible. 


Recharge through deltas .--The first and second phases of the study 
indicated that no substantial amount of recharge to the Jamestown aquifer 
was occurring either at the upper ends of the Cassadaga Creek valley or by 
downward seepage from Cassadaga Creek in the vicinity of the well field. 
The only obvious source left was by lateral seepage into the aquifer from 
the delta deposits along the margins of. the valley. In this regard, it will 
be recalled that data from existing wells and test holes had shown that sand 
and gravel under the deltas extended downward to bedrock or to the thin 
layer of till that overlies the bedrock in parts 
f the valley. However, 
the well and test-hole data were insufficient to show hydraulic continuity 
between the deltas and the aquifer. 


There were two different approaches that could be taken to prove, or 
disprove, hydraulic continuity. One is direct; the other indirect. For 
example, direct proof, or disAroof, could be shown with a line of closely 
spaced test holes extending from one of the deltas into the center of the 
valley. If such holes showed a continuous permeable layer extending from 
the delta to the aquifer, continuity would be established. Continuity could 
also be positively established if water-level fluctuations-caused by pumpage 
at the Jamestown well field were observed in 
n observation well in the 
deltas. 


Two test holes were drilled into the delta of Folsom Creek (fig. 18). 
Test hole 209-913-12 was drilled into the zone where the delta deposits 
interfinger with the silt and clay, but because of a shortage of funds had 
to be tenminated above the level of the Jamestown aquifer. Lack of funds 
precluded the construction of the additional wells needed to prove 
continuity. 
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Following the completion of test wells 210-912-2 and 209-913-12, water- 
level recording gages were installed on the wells to observe changes In 
ground-water storage in the deltas and to determine if water-level fluctu- 
ations caused by pumping at the Jamestown well field were observable in the 
delta. With respect to water-level fluctuations, the Jamestown well field 
is generally pumped at a constant rate except for a shutoff period of 8 to 
10 hours on Saturday night or Sunday morning of each week. This shutoff is 
accompanied by a rapid recovery of water levels in the vicinity of the well 
field. The recovery of water levels during a shutoff period of 9 hours and 
45 minutes on October 14, 1962, is shown in figure 19. During this shutoff 
the water level in well 208-912-16, near the center of the well field, rose 
20.6 feet. The rise at well 209-913-1, 1.5 miles to the north was 3.2 feet 
and the rise at well 207-908-3 in Hartson Swamp. 2.7 miles to the southeast 
was 0.63 foot. The two test wells in the delta are located 2.0 and 2.2 
miles from the well field. At this distance a rise in water level of about 
2 feet might be expected. However, such a rise was not observed in the 
wells in the delta. This is not surprising because water in the deltas is 
under water-table conditions and even a small fluctuation represents a sub- 
stantial volume of water. In other words, a clearly discernible water-level 
fluctuation in the delta would probably require a much larger fluctuation 
than the 2 feet produced by the October 14 shutoff. A larger fluctuation 
could be produced by a longer shutoff period. However, the city's reservoir 
storage capacity is not adequate to permit a longer shutoff. Therefore, 
water-level observations had to be abandoned so far as direct observation of 
hydraulic continuity was concerned, and it was necessary to approach the 
problem through indirect means. 


The indirect approach to the problem involved three different kinds of 
data: (1) streamflow data, (2) ground-water temperature data, and (3) water- 
level data. 


Streamflow measurements made during the summer of 1962 and the spring 
of 1964 are compiled in table 2. The sites of these measurements are shown 
in figure 20. All these measurements were made during fair-weather periods 
when the streams were being supplied entirely by ground-water discharge. 
The measurements in 1962 show a loss of water where the tributary streams, 
such as Folsom Creek, cross their deltas. This loss of water could be 
interpreted in either of two ways. It could represent a movement of water 
through the deltas into the Jamestown aquifer or a movement of water into 
the delta deposits, either to satisfy natural evapotranspiration losses from 
the deltas or the loss of water by seepage at the land surface around the 
margins of th
 deltas. The water budget of the deltas, including the 
seepage losses from the stream
, was analysed to determine how much water 
was being lost from the deltas. This analysis utilized the 1964 streamflow 
measurements. 


The measurements in April 1964 were made under base-flow conditions at 
a time when the streams were flowing acrOss the entire deltas. The two 
subsequent sets of measurements were also made under base-flow conditions. 
but later In the spring when streamflow had decreased substantially and some 
reaches of the streams were dry. The delta of Folsom Creek near Ross Mills 
was chosen for analysis because of the availability of ground-water level 
information and data on the extent and character of the delta deposits. 
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Figure 19.--Rlse of water level In four wells penetrating the 
Jamestown aquifer caused by shutdown of the 
Jamestown well field for a period of 
9 hours and 45 minutes. 
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Table 2.--Streamflow measurements made in the 
Cassadaga Creek valley 
Discharge in cfs (cubic feet per second) 
Site Drainage June 26-27 April 27 Hay 18 June 18 
number area 1962 1964 1964 1964 
(squa re mi 1 es) 
I 141 34 
2 .84 0 
3 3.50 0 1.73 0 0 
4 3.40 .14 2.37 1.28 0 
5 2.74 .23 2.01 1.06 0 
6 6.42 .34 3.70 .89 . 10 
7 . 15 0 . 1 0 0 
8 5.53 0 4.66 1.42 0 
9 4. 11 .53 4.05 2.20 .44 
10 126 32.7 ---- 
II 1.23 .56 0 
12 1.13 0 .51 .26 .08 
13 2.34 1.58 .91 0 
14 2.29 .13 1.33 1.05 .09 
15 118 32.6 ---- 
16 6.53 1 .2-7 2.44 1.97 .49 
17 6. 11 0 4.63 1.45 0 
18 4.97 1.23 4.28 1.59 .30 
19 .93 .3 ---.. ---. 
20 .48 .5 ---- 
21 .07 Trace .--- ---- 
22 .54 do. 
23 3.74 0 ---- 
24 3.43 . 1 
25 4.32 .34 ---- 
26 3.78 .78 ..-- 
27 24.8 4.94 ---- 
28 .06 .96 ---- 
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This analysis involves the measurement or estimation of the amounts of 
water entering the delta and the amounts leaving the delta. For the delta 
of Folsom Creek, the water budget may be stated as follows: 


P + I = 
S + Ds + Da + ET 


where: 


P = 
I = 

S = 
Ds = 
Da = 
ET == 


precipitation on the surface of the delta, 
total streamflow onto the delta, 
change in ground-water storage in the delta, 
stream discharge from the delta, 
subsurface discharge from the delta, 
evapotranspiration from the delta surface. 


EXPLANATION 
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Site of streamflow measurement. Number Is site 
number corresponding to discharge measurements 
in table. 
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Figure 20.--Areas of the Cassadaga Creek valley underlain by delta 
deposits, location of stream segments losing water, 
and location of streamflow measuring sites. 
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The solution of the water-budget equation for the delta of Folsom Creek 
involves certain assumptions. The values used in solving the equation for 
April 1964, and the assumptions that were made are as follows: 


1. Precipitation - Precipitation at the Jamestown station in April was 
4.07 inches. Although this station is about 4 miles south from the delta it 
is assumed to represent precipitation on the delta. The precipitation was 
remarkably evenly distributed during the month. In computing the total 
amount of precipitation on the delta, an area of 0.4 square mile was used. 


2. Change in ground-water storage - There was no significant change in 
the water levels in wells 209-913-12 and 210-912-2 for the entire month. It 
is, therefore, assumed that no change in ground-water storage occurred. 


3. Streamflow into and out of the delta - Only one series of stream- 
flow measurements were made, those of April 27. The average inflow for the 
month, therefore, is not known and can only be approximated by correlation 
with other streams. Because the mean monthly discharge for Conewango Creek 
at Waterboro was about 935 cfs during April, and the flow at that station 
was about 470 cfs on April 27, it seems safe to assume that the flow of 
Folsom Creek to the delta averaged about twice that measured on April 27. 
However, because ground-water levels in the delta remained constant during 
the month (fig. 21), streamflow crossing the delta was obviously far in 
excess of that streamflow being infiltrated to make up for any other losses. 
Therefore, during the month the streamflow that is important in the present 
consideration is that which was being lost to the delta. It may be assumed 
that this loss of streamflow to the delta was at a fairly constant rate 
during the month, regardless of the total streamflow. As long as the water 
level in the delta was stable, any of the excess streamflow was merely dis- 
charged by peripheral discharge. Therefore, in computing losses to the 
delta, the April 27 measurements were used because the error introduced is 
probably not large. 


4. Evapotranspiration losses - Evapotranspiration losses were computed 
by the Thornthwaite method (Thornthwaite, 1948) to be 1.6 inches of water. 


Converting the values for precipitation and evapotranspiration losses 
to cubic feet per second and substituting the values of streamflow for sites 
6, 7, 8, and 9 from table 2 into the equation, the subsurface discharge is 
computed as follows: 


Da = P + I - Ds - ET t 
S 
Da = 1.4 cfs + 4.8 cfs - 3.7 cfs - 0.6 cfs t 0.0 cfs 
Da = 1.9 cfs (or 1.2 mgd) 


This computation indicates that 1.2 mgd of water was being lost by sub- 
surface seepage from the Folsom Creek delta during April. This loss could 
either represent surface outflow around the periphery of the delta or 
seepage into the Jamestown aquifer. Because of the high water table in the 
delta in April, it is probable that at least some of this loss was through 
peripheral discharge. 
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A similar computation was made for May 1964. The streamflow at site 9 
was measured on both May 7 and May 18. These measurements were correlated 
with changes in ground-water level in order to estimate the average monthly 
streamflow. Precipitation at Jamestown during May was 2.59 inches. The 
ground-water level declined about 5 feet during the month. In arriving at 
values for changes in ground-water storage, it was assumed that the average 
change in water level of wells 209-913-12 and 210-912-2 represents the 
average change in the entire delta. It was also assumed that for each 
cubic foot of delta dewatered, 0.2 cubic foot of water was released from 
storage. Substitution of the values in the water-budget equation yields 
a subsurface discharge for May of 5.1 cfs (3.3 mgd). The subsurface dis- 
charge for June was also computed and found to be 6.8 cfs (4.3 mgd). 


The values cited above show that the subsurface discharge from the 
Folsom Creek delta increased from about 1.2 mgd in April to about 4.3 mgd 
in June. As noted earlier, this discharge could represent either evapo- 
transpiration losses from the delta, surface seepage around the periphery 
of the delta, or discharge to the Jamestown aquifer. Losses byevapotrans- 
piration were accounted for in the above computations and can, therefore, 
be eliminated from further consideration. The subsurface discharge must 
then be accounted for either through surface seepage or discharge to the 
aquifer. 


In April the water table in the delta was at its seasonal high position 
(fig. 21) and the water table sloped toward the center of the valley. (See 
the water-table profiles in figure 18.) Because of this gradient and the 
relatively high position of the water table, it is possible that peripheral 
discharge was occurring. In June, however, the average water table was 
14 feet below its April position, and the gradient toward the valley was 
considerably less than that of April. The subsurface discharge, on the 
other hand, was 3.5 times the April discharge. Clearl
 this loss cannot be 
accounted for in any way except through discharge to the Jamestown aquifer 
because peripheral discharge must be directly proportional to the height of 
the water table and to the water-table gradient and, therefore, must have 
been considerably less in June than in April. In fact, it appears safe to 
assume that no peripheral discharge was occurring in June and that all the 
subsurface discharge of 4.3 mgd was entering the Jamestown aquifer. 


Figure 21 shows hydrographs of the daily lowest water levels in four 
wells. Two of these wells (209-913-12 and 210-912-2) are located in the 
Folsom Creek delta. The other wells (209-913-1 at Ross Mills and 208-912-16 
at the well field) tap the Jamestown aquifer. The geologic and topographic 
positions of three of the wells (excepting 208-912-16) are shown in figure 
18. The water levels in all of the wells are plotted below a common assumed 
datum so that the water levels in the wells may be compared directly. The 
two periods of record shown reflect both fall and spring conditions. 


The effects of recharge and discharge upon water levels in the delta 
and in the Jamestown aquifer may be analysed from these hydrographs. It 
should be noted that during the periods of no ground-water recharge when 
most water being discharged from the delta was derived from storage, the 
water level in well 210-912-2 near the head of the delta declined to a lower 
altitude than that in well 209-913-12 (September 1962 and 1964). The 
relative positions of the wells (fig. 18) with respect to Folsom Creek 
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indicate that just the opposite should be true. The significance of this 
reversed relationship will be discussed in a following paragraph. 


As the first fall "flood" came down Folsom Creek in September 1962, it 
caused an immediate and steep rise in the water level in well 210-912-2. 
At the same time, the water level in the Jamestown aquifer at Ross Mills 
(well 209-913-1, fig. 21) began to rise slowly while in well 209-913-12, 
located near the periphery of the delta, it did not begin to rise for about 
a month. This lag of one month is the time required for the excess stream- 
f10w from Folsom Creek to replace the storage in the delta which had been 
depleted during the summer. 


After the storage in the delta was replaced, about November 1962, the 
water levels in the wells in the delta and those in the Jamestown aquifer 
fluctuated together and maintained a fairly constant head relationship. In 
May 1964, the water levels in both the delta and the Jamestown aquifer began 
to decline at nearly the same rate. 


It should be noted that the actual water-table gradient in the delta 
cannot be determined solely on the basis of measurements in wells 209-913-12 
and 210-912-2. At best, these wells only indicate an "apparent" gradient. 
The water table undoubtedly sloped toward the periphery of the delta in 
April and June 1964, though not necessarily at the slopes indicated in 
figure 18. The September 1962 measurements show an apparent gradient in 
the opposite direction. This gradient suggests a movement of water from 
the periphery toward the valley wall. However, because the val1ey wall is 
composed of ti11 over bedrock, both of which are relatively impermeable, it 
is obvious that the water is not moving toward the valley wall but, instead, 
is moving toward the part of the delta that directly supplies water to the 
Jamestown aquifer. The geologic data in figure 18 suggests that the 
hydraulic connection between the delta and the aquifer is between wells 
209-913-12 and 210-912-2. Therefore, the water table at the wells in 
September 1964 probably slopes toward an area between the two wells. As 
suggested by figure 18 and by the lower water level in well 210-912-2, this 
area is probably closer to that well than "to well 209-913-12. 


Figure 22 represents an idealized version of the Cassadaga Creek valley 
in the vicinity of Folsom Creek. Although somewhat exaggerated, the rela- 
tionship between the Jamestown aquifer and the delta is that which was shown 
by the geologic and hydrologic data discussed in the preceding pages. 


Data on ground-water temperatures in the delta deposits were also 
collected during the course of the investigation to supplement the geologic 
and water-level data. Figure 23 shows profiles of water temperature in 
wells 209-913-12 and 210-912-2 at different times during the investigation. 
In each profile the uppermost measurement was made just below the water 
level at that time. Although all of these measurements were not made during 
the same year or often enough to determine extreme ranges of water tempera- 
ture, they do represent spring and fall conditions when the temperatures 
were near the extremes. The seasonal range of water temperature near the 
water table in well 209-912-12 is 8 0 F but is only about 1 0 F below 40 feet. 
In contrast, the range of temperature of water in well 210-912-2 is as much 
as 18°F and shows no relationship to depth. 
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Figure 22.--Cassadaga Creek valley in the vicinity 
of Folsom Creek. 


The temperatures in well 209-913-12 are very similar to the normal 
ground-water temperatures which would be expected in the area. (See the 
discussion of ground-water temperature in the s
ction devoted to Quality 
of Water.) In effect, the temperature of the water is relatively constant 
below a certain depth due to the tempering influence of the aquifer and the 
slow rate of ground-water movement. 


However, the temperatures in well 210-912-2 show a large fluctuation 
of temperature. This fluctuation is caused by the movement of large volumes 
of water from Folsom Creek into the delta deposits to replace the water that 
has moved into the Jamestown aquifer. The temperature profile of 
April 29, 1964, shows the effect of recharge during March and April when 
the water in Folsom Creek is only slightly above freezing. The profile of 
October 12, 1962, reflects the infiltration of much warmer water during the 
late summer and early fall. 
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Figure 23.--Profiles of water temperature in wells 
209-913-12 and 210-912-2. 


. 


- 58 - 



GROUND-WATER HYDROLOGY 


Ground-water movement 


The principa1 movement of water in the aquifer. as has been pointed 
out in the preceding discussions. is from the de1tas to the Jamestown we11 
fie1d. The direction of movement in different parts of the aquifer can be 
determined from figure 24 which shows the a1titude of the piezometric 
surface of the aquifer on June 7. 1963, when the well field was being pumped 
at a rate of approximate1y 6.5 mgd. A11 of the measurements shown in the 
figure were made at approximate1y the same time to determine the shape of 
the piezometric surface under fair1y stab1e conditions. The a1titudes of 
the measuring points used in determining the water 1eve1s in the Jamestown 
we11 fie1d at Levant, and at the southernmost wel1 at Ross Mi11s, are based 
upon precise 1eve1s. A11 of the other a1titudes were measured with a 
barometric altimeter and are accurate to p1us or minus a coup1e of feet. 


EXPLANATION 
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Well topping Jamestown aquifer. 
01284 
Well topping delta (numbers nut to wells indi- 
cate altitude of water level, In feet above 
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Figure 24.--The a1titude and configuration of the piezometric surface 
of the Jamestown aquifer on June 7. 1963. 
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It should be noted that the altitudes of water levels measured in the 
deltas are higher than the altitude of the piezometric surface in the 
Jamestown aquifer. This reflects the head lost as water moves from the 
deltas into the Jamestown aquifer. For this reason the wells in the deltas 
were ignored in drawing the contours and are merely plotted to show the 
higher heads in the deltas. 


It may also be noted that the contours of the piezometric surface do 
not agree with the water level measured in the well in the Jamestown aquifer 
between Kimball Stand and Gerry. The water level in this well appears to be 
unusually low. The well flows and is located at a restaurant that was 
closed at the time of the measurement. The measuring point is located 
outside the building and the well is tapped below land surface to supply 
the restaurant. Because the water level in the well was considerably above 
land surface, this measurement was made with a pressure gage, and it is 
quite possible that there were leaks in the plumbing system or the well 
casing, or that 
 faucet in the building was not completely closed, resulting 
in low water-level measurement. Therefore, this water-level measurement was 
not considered in drawing the contours. 


Water moves through the aquifer more or less at right angles to the 
contours on the piezometric surface in the direction of decreasing altitude. 
Thus, north of the well field water is moving down the valley toward the 
wells, whereas, southeast of the field it is moving up the valley. 


The sloping surface of the piezometric surface around the well field 
is termed a cone of depression . A cone of depression is defined as the 
depressed surface of the water table (or of the piezometric surface of an 
aquifer) surrounding a pumping well or wells._ It is formed by the withdrawal 
of water from storage in the aquifer in response to pumping, and its radial 
slope represents the gradient necessary to move water through the aquifer to 
the wells. The lowering of water levels is greatest around a pumping well 
and less as the distance away increases. 


The rate of movement of water through an aquifer is of considerable 
interest in certain circumstances. For example, if a poisonous liquid were 
accidentally spilled on one of the deltas supplying the Jamestown aquifer, 
it would be important to know approximately when it would reach the well 
field. 


The rate of movement of water through an aquifer is directly propor- 
tional to the permeability and the hydraulic gradient and indirectly 
proportional to the void ratio (porosity). These relationships may be 
expressed as: 


P I 
v = 
7.5p 


whe re : 


v = velocity in feet per day, 
P = permeability in gallons per day per square foot, 
I = hydraulic gradient in feet, 
p = porosity, expressed as a decimal fraction, 
7.5 = number of gallons. in a cubic foot. 
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To illustrate the application of this equation to the Jamestown aquifer 
a trial computation can be made for the part of the aquifer from Ross Mills 
to the well field. The permeability is known to be about 8,500 gpd per 
square foot at the Jamestown well field (see following section), the 
hydraulic gradient declines about 30 feet in the 7,900 feet from Ross Mills 
to the well field, and the porosity is assumed to be about 30 percent (0.30). 
Substitution of these values in the equation gives a velocity of about 
14 feet per day. 


This value is, at best, only a rough approximation of the actual velocity. 
Depending on permeability, hydraulic gradient, and porosity, and other related 
factors such as stratification, the actual velocities in the aquifer probably 
range from a few feet per day in some parts to several tens of feet per day 
in other parts. 


Hydraulic characteristics 


The capacities of an aquifer to store and to transmit water are referred 
to as hydraulic characteristics. The two most important of these character- 
istics are the transmissibility and the storage coefficient . The coefficient 
of transmissibility is the rate of flow of ground water at the prevailing 
water temperature, in gpd, through a I-foot wide vertical strip of an aquifer 
under a hydraulic gradient of I foot per foot. For convenience, the coeffi- 
cient of transmissibility will be referred to simply as transmissibility in 
this report. The storage coefficient may be defined as the amount of water 
that will drain from a vertical section of an aquifer with a base area of 
I square foot when the water leve" (or hydraulic head) is lowered I foot. 


These characteristics are usually determined by analysing the drawdowns 
produced in observation wells when a production well is pumped at a constant 
rate. The Jamestown well field includes both production wells and observa- 
tion wells (fig. 17). However, the pumping schedule of the city and the 
relative location of the wells were such that it was not possible to make an 
acceptable test in the well field area. It was, therefore, necessary to 
analyse the water-transmitting capacity of the aquifer from the. data shown 
in figure 24. 


The piezometric surface in figure 24 is based" on measurements "made on a 
Friday (June 7, 1963) after the well field had been pumping at an essentially 
constant rate of 6,500,000 gpd for 5 days. It may, therefore, be assumed 
that the rate of decline of water levels was the same throughout a large area 
in the vicinity of the well field; in other words, 'a steady-state condition 
existed. Under such a condition the flow of water through the aquifer is 
controlled by Darcy's Law which, expressed in terms of an aquifer, is: 


Q = TIW 


where: 
Q = 
T = 
I = 
W = 


the quantity of water, in gallons per day, moving through 
the aquifer (i .e., the pumping rate), 
the transmissibility of the aquifer in gallons per day, 
the hydraulic gradient in feet, and 
the width of the aquifer in feet. 
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The hydraulic gradient and the width of the aquifer can be determined 
from figure 24. The pumping rate was noted above. Therefore, the trans- 
missibilityof the aquifer can be calculated by rearranging the terms' in 
the preceding equation. It should be noted first though, that water is 
converging on the well field from both the northwest and southeast and the 
gradients and aquifer widths differ in each direction. This requires modi- 
fication of the equation as follows: 


Q 
i =- 
IW 


T = 


Q 
(IW)NW + (IW)SE 


where the subscripts NW and SE refer to the two segments of the aquifer 
mentioned above. Solving the equation using the gradients between the 
1 ,220-foot and 1,230-foot contour lines both northwest and southeast of 
the well field, and the width of the aquifer between these lines yields: 


T · 
( 


10 
2 t I 00 


6,500,000 
7,920 ) + ( lO x 
7,400 


3 . 700 ) 


= 151 ,000 gpd per foot 


x 


The permeability of an aquifer is equal to the transmissibility divided 
by the saturated thickness. The thickness of the Jamestown aquifer in the 
vicinity of the well field ranges from IS to 20 feet. Dividing each of 
these thicknesses into the transmissibility and averaging the answers gives 
a permeability of about 8,500 gpd per square foot. 


It may be noted, in passing, that the products of gradient and width 
substituted in the above equation also show the relative yield of the two 
segments of the aquifer. The northwest and southeast products are 38 and 
5, respectively. If it is assumed that the permeabilities and aquifer 
thicknesses are the same along both of the lines selected for the gradient 
and width determinations, these products indicate that about 90 percent of 
the yie1d of the well field is derived from the northern part of the valley 
and the remaining 10 percent from the southeast. These values are con- 
sistent with the data on the recharge areas. 


The deflection of the water-level contours around the Folsom Creek and 
Wilson Hollow deltas indicates that much of the pumpage derived from the 
area northwest of the well field is derived from these two deltas. It is 
also apparent from the contours in figure 24 that a substantial part of the 
yield is supplied by water moving down the Cassadaga Creek valley, from the 
area north of the Folsom Creek delta, in response to the regional gradient 
in the aqu i fe r. 


It is not possible to detenmine the storage coefficient of the aquifer 
from the data available. However, the relatively rapid decline of the water 
level in the observation wells following the start of pumping suggests a 
rather small artesian storage coefficient, one possibly in the range of 
O. 00 I to O. 000 I . (See fig u re 19.) 
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Summary of aquifer hydrology 


Under natural conditions, prior to the construction of the Jamestown 
supply wells, water moved through the aquifer from the deltas and discharged 
by upward seepage throughout most of the valley bottom. Because of the 
extremely low permeability of the confining bed, the rate of seepage was 
very small. Because of the small natural discharge from the aquifer, most 
of the water entering the deltas was lost by surface seepage around the 
fringes of the deltas and by infiltration to the streams crossing them. 


The first supply well reduced the artesian pressure and stopped all 
leakage in the vicinity. If the pumping had been held at a constant rate 
of a few hundred gallons per minute, it is possible that. the cone of 
depression would have stabilized before it reached the nearest delta. In 
other words, the withdrawals would have been supplied by salvaged discharge. 


The withdrawals obviously could not be held constant because of the 
increasing need for water and have, in fact, shown a steady increase over 
the years. As the pumpage increased, the cone of depression expanded, 
doubtless first into the delta built by the small stream draining Wilson 
Hollow. It may be reasoned that the cone of depression did not expand 
beyond this delta so long as the inflow into the aquifer from the delta 
equaled the pumping rate. Regrettably, this rate cannot be determined from 
the data now available. Further increase in withdrawals resulted in an 
expansion of the cone of depression into the delta of Folsom Creek and 
gradually up the valley above Folsom Creek. Each increase in pumpage was, 
of course, accompanied by an expansion of the cone into the area southeast 
of the wel1 field. However, for the sake of simplicity, this discussion is 
limited to the area northwest of the field. 


During the fall and winter a large part of the precipitation on the 
uplands adjoining the Cassadaga Creek valley runs off over the land surface 
to the small tributary streams that drain the uplands. The water flows 
down these streams and infiltrates into the delta deposits to replace the 
storage depleted by the previous summer's pumpage. After the storage is 
replenished the excess streamflow continues across the deltas to Cassadaga 
Creek. By the end of the spring runoff period, the deltas are full and 
pumpage is being supplied by water infiltrating. into the deltas from the 
streams. Gradually, as the streamflow diminishes, water is withdrawn from 
storage to make up the deficit between pumpage and stream infiltration. 


The relationship between the Jamestown aquifer, the deltas, and pumping 
at the Jamestown well field may be simplified as shown by the hydrologic 
model in figure 25. This model compares the Jamestown aquifer to a pipeline 
connected to a series of reservoirs (the deltas). 


The figure demonstrates what the system would look like during the 
summer. As pumping continues at the well field during the summer, the 
inflow to the delta-reservoirs is not sufficient to supply the water. 
Therefore, the storage in the deltas is used to supply the water. This 
also causes the pumping level at the well field to decline as the gradient 
necessary to deliver the same rate of flow through the aquifer (pipeline) 
must be maintained. 
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Figure 25.--Relationship between the Jamestown aquifer and the 
deltas of streams tributary to Cassadaga Creek. 


During the winter or spring, the deltas would have more inflow than 
outflow and be overflowing. At this time the gradient shown in figure 25 
would adjust itself upward in accordance with the higher head of water in 
the deltas. 


Yield 


As noted at the beginning of this report, one of the principal object- 
ives of the investigation was to determine the perennial yield of the 
Jamestown aquifer. Because of the city's dependence on the aquifer for its 
water supply, the perennial yield is obviously of great importance in the 
city's long-range plans. 


The perennial yreld of an aquifer may be defined as the maximum rate 
at which water can be withdrawn from the aquifer under the most adverse 
climatic conditions. The perennial yield of the Jamestown aquifer is 
dependent on three factors. These are: 


I. The capacity of the aquifer to transmit water from recharge 
areas (the deltas) to the we 'I field, 
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2. The rate of recharge to the deltas by precipitation and str
am 
i n f i 1 t rat i on, and , 


3. The quantity of water in storage in the deltas which can be 
drawn on during times when the rate of recharge is inadequate. 


Relationship of yield to hydraulic gradient .--The capacity of the aquifer 
to transmit water is controlled by Darcy's Law which was discussed in the 
preceding section on hydraulic characteristics. Darcy's Law relates the 
quantity of water (Q) moving through an aquifer to the transmissibility (T), 
the hydraulic gradient (I), and the width of the aquifer (W). Of these 
factors (T) and (W) are constant along any cross section. Therefore, the 
quantity of water moving through any section of the aquifer is proportional 
to the hydraulic gradient. The maximum possible hydraulic gradient exists 
when the water levels in the pumping wells are pul1ed down to the top of the 
aquifer. (Be1ow this the aquifer is physically dewatered and the transmissi- 
bility decreases.) 


The relationship of aquifer yield to hydraulic gradient is shown in 
figure 26. This figure contains a series of solid lines originating at a 
point designated as "A." Each line is labeled with a pumping rate "Q" 
(i.e., 2,6, 10, and 30 mgd). It may be noted that the slope of the lines 
and, therefore, the drawdowns at the well field increases in direct proportion 
to "Q." The hi nge poi nt "A" for these 1i nes is located 5,000 feet from the 
line designated as the center of the Jamestown well field. This distance was 
selected because it represents the distance from the well field to the center 
of the delta built by the stream draining Wilson Hollow. The dashed lines in 
figure 26 show the gradient that would exist in the aquifer if a11 the water 
were being derived from the delta at Towerville Corners (point B) at a 
distance of more than 36,000 feet from the well field. The hydraulic signi- 
ficance of these 1ines wi11 be discussed in a succeeding paragraph. 


The assumed static water level in figure 26 is believed to represent 
the approximate position of the average static water level prior to the start 
of withdrawals. This line is based on a water level 10 feet above land 
surface at the well field and 17 feet above land surface at Towerville 
Corners. The water level in well 212-916-1 at Towerville Corners ranges, at 
the present time, from 10 to 23 feet above land surface. The water level in 
this well is not believed to be affected to any great extent by present 
withdrawals. This I ine suggests a na.tural gradient down the .valley of about 
3 feet per mile. The movement of water down the valley in response to this 
gradient is about 600,000 gpd (0.6 mgd). This value is obviously an approx- 
imation, but is probably of the right order of magnitude. 


The two sets of lines in figure 26 show that the maximum yield of any 
well field in the Jamestown aquifer depends on the distance to the recharge 
area. The closer the recharge area, the higher the yield. The.Wi1son Hollow 
delta is the closest area of substantial recharge to the present well field. 
The ToWerville Corners delta, on the other hand, is believed to represent the 
effective outer limit that can be substantia11y influenced by the Jamestown 
well field. Therefore, the yield of the 
q
ifer at the well field would be 
about 5 mgd if all the water pumped were derived from the Towerville Corners 
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delta (and from the area northwest of the delta). The yield would be more 
than 30 mgd if all the water, except the 600,000 gallons that moves down 
the valley under the natural gradient, were derived from the Wilson Hollow 
delta. 


The recharge to the aquifer through the Wilson Hollow delta is obviously 
considerably less than the present pumping rate of 6 mgd, as indicated by the 
substantial recharge that occurs through the delta of Folsom Creek and the 
other deltas between Folsom Creek and Towerville Corners. Therefore, it may 
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Figure 26.--Computed profiles of water levels in the Jamestown aquifer 
at different pumping rates, and the actual profile on 
June 7, 1963. The solid lines are based on the 
assumption that all pumpage is derived from 
point A, 5,000 feet from the well field. 
The dashed lines are based on the 
assumption that all pumpage is 
derived from point B, more 
than 36,000 feet from 
the well field. 
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be concluded that, so far as the ability of the aquifer to transmit water is 
concerned, the maximum perennial yield at the site of the present well field 
is more than 6 mgd and probably less than 30 mgd. It should be emphasized 
at this point that the water-level gradient lines drawn from points A and B 
in figure 26 assume that ground-water levels remain constant at those points 
(i .e., there is no depletion of storage). This assumption is, of course, 
contrary to fact but was made to demonstrate the relationship between yield 
and the aquifer's ability to transmit water. 


The actual profile of the water level in the Jamestown aquifer on 
June 7, 1963, is shown in figure 26 for comparison with the computed profiles. 
It may be observed that the slope of this profile near the well field is 
nearly the same as that from point A for a Q of 6 mgd. The upper portion of 
the profile is nearly parallel to the 2 mgd line that originates at point B. 
The June 7 profile indicates that nearly all of the 6.5 mgd of pumpage is 
being derived from the valley area northwest of the well field and that of 
this amount about 2 mgd is being derived from the Towerville Corners delta 
and the area beyond. 


Figure 27 shows the actual profile of the water levels on June 7, 1963, 
along with the seasonal high and low profiles for that year. The distance 
to the different deltas from the well field is also shown. The pumpage rates 
shown are 90 percent of the average daily rate during the period of continu- 
ous pumpage immediately prior to the time of the water-level measurements. 
The period of continuous pumpage was about 4 days in each case. The remaining 
10 percent of the pumpage is assumed to be derived from the area southeast of 
the well field. 


Relationship of yield to delta recharge .--The second and third factors 
affecting the perennial yield of the Jamestown aquifer - that is, the rate 
of recharge to the deltas and the amount of water in storage in the deltas - 
are so interrelated that it is difficult to discuss them separately. It is 
known that pumpage during the su
r depletes the storage in the deltas. In 
the fall recharge from precipitation on the deltas and streamflow from the 
adjoining uplands replenishes the storage, and during the rematnder of the 
fall and the winter the pumpage is supplied by water that infiltrates down- 
ward from the surface of the deltas or from the streams crossing the deltas. 
With the advent of plant growth and high evaporation losses in the spring, 
the ground-water recharge and the flow of the streams draining the uplands 
begin to decline. In late April or May, the ground-water recharge and the 
streamflow available for infiltration become inadequate to supply the 
pumpage, and water is drawn from storage in the deltas. The depletion of 
storage continues until the fall when recharge from precipitation on the 
deltas and infiltration of streamflow again replenishes the storage. The 
interrelationship of delta recharge and delta storage to the pumpage is 
shown in figure 28. It is not possible with the data available to indicate 
the vertical scale in the figure, and t
e reader should not attempt to do'so. 


The amount of water available on a yearly basis to recharge the deltas 
may be determined by multiplying the area of the deltas and the area drained 
by the streams crossing them by the average annual runoff per square mile. 
Obviously, the measurements made during the present investigation (table 2) 
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Figure 27.--Profiles of water levels in the Jamestown aquifer in 1963. 
The April profile represents the seasonal high and 
the October profile the seasonal low. Pumpage 
rates shown are 90 percent of the continuous 
pumpage for the period of about 4 days 
immediately prior to the time of the 
water-level measureme
ts. 


are too few to permit determination of the average annual runoff. However, 
long-term records are available for two stations in the area. The U.S. Geol- 
ogical Survey has maintained streamflow gaging stations on the Chadakoin 
River at Falconer and on Conewango Creek at Waterboro (pl. I) for 28 and 
25 years, respectively (U.S. Geol. Survey, 1963). The average discharge 
per square mile over these periods was 1.70 cfs for the Chadakoin River and 
1.73 cfs for Conewango Creek. Because the Cassadaga Creek valley lies 
between the Chadakoin and Conewango valleys, the runoff per square mile in 
it may be estimated at about 1.7 cfs (1.1 mgd per square mile). The drain- 
age areas upstream from the long-term gaging stations include several types 
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Figure 28.--lnterrelationship of ground-water recharge, stream 
infiltration, delta storage, and pumpage, 


of geology and topography. Actually, so do the smaller drainage areas of 
the tributary streams, including the deltas, as they drain both the till 
and bedrock uplands and the coarse-grained delta deposits. It is probably 
safe to assume, therefore, that the average discharge for the areas upstream 
from the periphery of the deltas would also be about 1.7 cfs per square mile 
or 1.1 rngd per square mi Ie. 
Table 3 lists the drainage areas of the tributary streams (fig. 20) 
from Wilson Hollow to Towervil1e Corners. This includes the area that 
supplies the major part of the present withdrawals and probably represents 
the extent of the area that can be effectively reached by the present well 
field. Multiplying the total drainage area by the factor of 1.1 mgd, it is 
detenmined that 31 mgd are available from this area to recharge the Jamestown 
aquifer. It should be noted at this point that the drainage areas listed in 
the table are those of the surface-water drainage areas. Thus, they include 
only, narrow strip of the deltas adjacent to each stream. If the entire 
area of the deltas had been included, the above figure would be somewhat 
larger. 


The 31 mgd represents the average of the total annual runoff. Because 
of wide seasonal variations in runoff, it does not represent the amount of 
water available for recharge on a daily basis. This variation in streamflow 
can best be discussed in terms of streamflow-duration curves. 
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Table 3.--Drainage areas of selected tributary streams 
in the Cassadaga Creek valley 


Si te number Stream Drainage area 
(figure 20) (square mi les) 
2 Unnamed 0.8 
3 (Wi Ison Hollow) stream 3.5 
6 Fo I s om Cree k 6.4 
12 Unnamed I . 1 
13 (Kimball Stand) stream 2.3 
17 Hatch Creek 6. I 
23 Unnamed 3.7 
25 do. 4.3 
Total 28.2 


Figure 29 shows the flow-duration curves for Conewango Creek at 
Waterboro (pl. 1) and Folsom Creek at site 9 (fig. 20). These flow- 
duration curves show the amount of streamflow, in gpd per square mile, 
which is equaled or exceeded for a certain percentage of the time. For 
example, the average discharge of Conewango Creek at Waterboro.is 1.11 mgd 
per square mile. When this flow is located on the flow-duration curve, it 
falls at about the 31 percent point. This indicates that the flow of 
Conewango Creek exceeds 1.11 mgd 31 percent of the time. Sixty-nine percent 
of the time, it is less than this amount. 


The flow-duration curve of Folsom Creek was constructed by correlating 
several measurements, made in 1962 and 1964, with the continuous record of 
flow on Conewango Creek. Because all of the measurements on Folsom Creek 
were made under base-flow conditions, only the lower half (below 50 percent 
duration) of the curve could be constructed by direct correlation. However, 
it may be assumed (as previously discussed) that the average annual discharge 
per square mile would be about the same as that of Conewango Creek. 


With respect to variations in streamflow, it may be observed that the 
flow of Conewango Creek that is equaled or exceeded 10 percent of the time, 
which includes most of the winter and spring floods, is nearly 3 times the 
average annual runoff. At the other extreme, the flow that is equaled or 
exceeded 90 percent of the time is only one-tenth of the average annual 
runoff. Due to the relatively impermeable nature of the upland deposits 
and the steep hills10pes, the streams draining the uplands (such as Folsom 
Creek) are subject to even greater variation in streamflow. For example, 
the 90 percent duration point for Folsom Creek (23,000 gpd per square mile) 
is only about one forty-seventh of the assumed average annual discharge of 
1.11 mgd. In other words, the flow of Folsom Creek after a long dry period 
is only one-fifth as much per square mile as Conewango Creek. 
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It is apparent that the flow duration of the streams recharging the 
deltas has an important bearing on the amount of water available for 
recharge. Because these streams are characterized by very high discharges 
at the high end of the curve (representing spring runoff) and decline 
rather sharply toward the low end of the curve (representing summer flows), 
the quantity of water available for recharge to the deltas during the 
summer is only a tiny fraction of that available annually. 


In summary, the average annual runoff of 31 mgd defines the total 
amount of water available to the Jamestown aquifer between the well field 
and the deltas at Towerville Corners. Much of this flow occurs during 
brief periods of heavy runoff. During the late spring, summer, and early 
fall, the streamflow available for recharge declines to only a small 
fraction of the average annual flow. One-tenth of the time, this flow is 
probably less than 600,000 gpd (23,000 gpd per square mile times 28 square 
miles). 


Relationship of yield to delta storage .--During the period when stream- 
flow is deficient, pumpage from the aquifer must be supplied from water 
stored in the deltas. Therefore, evaluation of the amount of water in 
storage is of considerable importance in the analysis of the perennial yield. 
Only meager information is available on the volume of permeable sediments in 
the deltas. This information suggests that the shape of the deltas very 
roughly resembles a distorted funnel. The size of the top of the funnel is 
roughly indicated by the areas in plate I underlain by deltaic deposits. 
The upper segments of the "funnels," as suggested by figures 18 and 22, are 
considerably larger than the lower parts. 


Any computations of the volume of water in storage in the deltas is 
subject to large errors because of a lack of knowledge of their shape and 
size below the land surface. However, rough computations based on the 
assumption that the deltas are conical shaped and have a height equal to 
the distance from the water table to the top of the Jamestown aquifer may 
be informative. The volume of a cone is equal to: 
V = 7t r 2 
 
3 


where "r" is the radius and "h" is the height. 


In order to compute the volume of water in gallons stored in the 
deltas, this formula must be modified as follows: 
V = 7.5 A 
 S 
3 


where "7.5" is the number of gallons in a cubic foot, "A" is the area of 
the delta in square feet, "h" is the depth to the Jamestown aquifer in feet, 
and liS" is the storage coefficient of the deltaic deposits. The values for 
the area were determined by measuring the area underlain by deltaic deposits 
shown in plate I. Because much of this area includes the thin outer fringes 
of the deltas, the actual measurements were reduced 50 percent to eliminate 
these fringes. Values for "h" were estimated by assuming that the water 
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table in the deltas at its seasonal high position is about 1,290 feet above 
sea level and subtracting the altitude of the top of the aquifer, as deter- 
mined from figure 16, from this value. Because of the relatively coarse- 
grained nature of the deltaic deposits, the storage coefficient is assumed 
to be 0.2. The computations of storage using the preceding formula are 
I isted in table 4 as "estimated total storage." 


Because a hydraulic gradient is essential to transmit water from the 
deltas into the aquifer and then through the aquifer to the well field, all 
the estimated total maximum storage is not available because it is not 
possible to dewater the deltas to the top of the aquifer. Fortunately, 
however, because of the funnel (or inverted cone) shape of the deltas, the 
part dewatered first has the largest cross-sectional area. 


The estimated available storage is also shown in table 4. In making 
this estimate, the profiles of the artesian pressure surface shown in 
figure 27 were utilized. It may be observed that the pumping rate was 
essentially the same at the times of the April and October profiles. The 
April profile represents the seasonal high water levels and the October 
profile represents the seasonal low. Therefore, the separation of the 
profiles represents the present amount of dewatering in the deltas supplying 
the aquifer. The values of available storage listed in table 4 assume that 
the lowering of water levels in the deltas that would occur under conditions 
of maximum development is twice the amount of the lowering in 1963. 


The total maximum storage (table 4) amounts to about 3 billion gallons. 
This is adequate to sustain a pumping rate of 6 mgd for more than 500 days. 
The estimated available storage, on the other hand, is only about 1.7 billion 
gallons. This amount would sustain a pumping rate of 6 mgd for about 280 
days and would sustain a pumping rate of 10 mgd for more than 160 days. 


As a rough check on the validity of these figures, the amount of de- 
watering that occurred in 1963 was also computed and the values listed in 
the last column of table 4. These computations indicate that 944,000,000 
gallons of storage was depleted between AprilS and October 31, 1963. The 
actual pumpage during this period was 1,219,274,000 gallons. A substantial 
part of the pumpage was obviously supplied by the
flow of the streams 
crossing the deltas. The amount is not known but may have been about 
10 percent of the pumpage. Another 10 percent of the pumpage was derived 
from that portion of the aquifer south of the well field. This leaves 
about 960,000,000 gallons to be accounted for by delta dewatering. The 
close agreement between the computed dewatering and the pumpage, though not 
expected, is probably still partly fortuitous. The close agreement does 
suggest that the computed valuE of estimated available storage is of the 
right order of magnitude. 


The preceding discussions have considered the effect of aquifer trans- 
missibility, recharge to the deltas, and storage of water in the deltas on 
the perennial yield of the Jamestown aquifer at the site of the present well 
field. These discussions have shown that the yield cannot exceed more than 
about 30 mgd. The actual perennial yield then is some value between the 
present withdrawals of 6 mgd and the maximum obtainable yield of 30 mgd. 
Because of a lack of precise data on both recharge and storage, further 
refinement of the yield value must be sought elsewhere. 
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Prediction of yield from past records .--During the course of the study, 
it was observed that the seasonal low water level in well 208-912-16 in the 
well field was declining fairly consistently year after year. Because the 
water level in this well must obviously include the integrated effect of the 
three factors affecting the yield, it seemed feasible to use the water-level 
data to determine a fairly reliable value for the maximum perennial yield. 
It was recognized, however, that a yield based on an extension of past data 
would be reliable only if supported by an analysis of aquifer transmissibility 
and delta recharge and storage. 


Figure 30 shows the hydrographs of two wells from which the effects of 
climate may be differentiated from pumping effects of the Jamestown well 
field. Well 203-929-1 is located in a remote ar
a approximately 10 miles 
west of Jamestown (pl. 2) and is not infl
enced by any pumping. Well 
208-912-16 is located in the Jamestown well field (pl. I) and reflects the 
drawdowns caused by pumping. It may be observed that the water-level 
fluctuations of these wells are very similar although the ranges of fluctua- 
tion are different. Annual high and low water levels and seasonal decline 
and recovery of water levels in the two wells correspond closely with respect 
to time. This indicates that both wells are influenced by approximately the 
same climatic conditions. Although the hydrograph for well 203-929-1 shows 
seasonal fluctuations due to natural recharge and discharge, there is no 
long-term decline of the water level indicated by the seasonal high or low 
water levels. Well 208-912-16, on the other hand, is affected by both 
climate and pumpage. The effect of pumpage is shown by the relatively 
consistent decline in both the seasonal high and the seasonal low water 
levels in this well. The dashed line on the hydrograph indicates the trend 
of the annual lowest water levels at the well field from 1953 to 1964. The 
fact that the seasonal low levels in both wells in 1956 and 1958 are much 
higher than usual, reflects unusually abundant precipitation and abnormal 
recharge during the summer. In the Jamestown aquifer this would be the time 
when most of the water being pumped would normally be derived from storage 
in the deltas. However, as a result of the summer recharge, the seasonal 
lowest water levels during these two years were significantly higher than 
normal and were not considered in drawing the trend line. 


Figure 30b shows the annual average daily pumpage by the city of 
Jamestown, in millions of gallons, for the period 1953-63. This rate has 
gradually increased and the line drawn through the annual values shows the 
trend of the pumpage. 


In figure 30c the two trend 1 ines fr:om graphs "a" and lib" are plotted 
against each other. The future decline of the water level at the well field 
due to pumping can be estimated from this graph. Because the top of the 
Jamestown aquifer at the well field is approximately 120 feet below land 
surface, this depth is the maximum permissible drawdown of water levels which 
will not result in a dewatering of the aquifer. Figure 30c shows that the 
trend line of the water level intersects the 120-foot water-level line at 
approximately II mgd. 


It should be noted that the trend line of water levels in figure 30a 
is an average and that the actual annual lowest water levels may fall either 
a few feet above or below the line. It should also be noted that figure 30c 


- 75 - 



GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


is based on water-level measurements in we11 208-912-16. This is an unpumped 
observation we11 located 200 feet from the nearest pumping we11 and, there- 
fore, does not reflect the actual drawdown in the pumping wel1s. The water 
levels in the pumping wells are substantially 10wer than those in the 
observation well because drawdown increases toward a pumping well, and 
because some head is lost as water moves from the formation through the 
screen into the well. The pumping leve1s in the more efficient supp1y wells 
may be as much as 10 feet lower than the water leve1 in the observation well. 
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The pumping levels of most of the supply wells, however, are about 20 feet 
lower than the water level in the observation well. In any event, the 
difference in water level between the observation well and the pumping wells 
represents a decrease in available drawdown and must, therefore, be con- 
sidered in using the graph in figure 30c. Because the drawdowns in the 
pumping wells are from 10 to 20 feet below the line shown in figure 30c, the 
actual maximum perennial yield of the well field is probably not more than 
10 mgd and may be somewhat less as is pointed out in the following paragraph. 


Because of the funnel shape of the deltas, the amount of water derived 
from storage per unit decline in head, decreases as dewatering progresses. 
Thus, a unit change in head in the deltas in April when the water table is 
high, yields a much larger volume of water than does an equivalent change in 
head in October when the dewatering is well advanced. As pumping rates 
increase, a proportionally larger share of the water must, therefore, be 
derived from the more distant. deltas. Recalling the discussion of figure 26, 
it can be seen that this will tend to reduce the maximum perennial yield. 
The amount of the reduction that might result is, of course, not known but 
would certainly not be as much as 2 mgd and might, in fact, be less than 
I mgd. However, so far as the following discussions are concerned the value 
of 10 mgd will be used. 


Increasing the yield of the Jamestown aquifer 


It is apparent that the water needs of the city of Jamestown will soon 
exceed the estimated maximum yield of the city.s present well field. Long 
before this point is reached the city must either devise ways to increase 
the yield of its present well field, develop a new well field in a different 
part of the aquifer, or develop a new well field in some other aquifer. Each 
of these possibilities will be explored in the following paragraphs. 


It is apparent from the preceding discussions that the water available 
to supply the deltas is substantially more than the estimated yield of the 
well field. The difficulty arises in the uneven distribution of the water. 
The yield of the well field could be increased if some of the water that now 
runS off during the winter and early spring in the streams crossing the deltas 
could be held until the summer. As pointed out.by Mr. Merle W. Smedberg, 
Superintendent of the Jamestown Board of Public Utilities, this could be 
accomplished by building dams on the tributary streams above the deltas. It 
would seem feasible to increase the yield of the well field several million 
gallons per day by this method. Before a relatively accurate estimate can be 
made it will be necessary to obtain a continuous record of the flow of one or 
more of the tributary streams for a period of two or three years. 


The studies made during this investigation indicate that the Jamestown 
aquifer extends up the valley at least as far as Towerville Corners. As 
discussed in the section on recharge in the upper Cassadaga Creek valley, it 
is possible that the aquifer extends up the valley beyond South Stockton. 
If the delta built by Mill Creek is hydraulically connected to the aquifer, 
as appears probable, it may be feasible to develop a well field in the 
vicinity of the Mill Creek delta capable of yielding several million gallons 
per day. Such a field would salvage water that is now discharging into 
Cassadaga Creek. It might cause some reduction in the yield of the present 
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field but the combined yield of both fields would be substantially greater 
than that of the present field. Before an accurate estimate can be made of 
the yield of a well field in the vicinity of Mill Creek, it will be necessary 
to drill test wells to determine the character, extent, and water-bearing 
characteristics of the aquifer in the area. The nature (or more correctly, 
the efficiency) of the hydraulic connection between the aquifer and the Mill 
Creek and Towerville Corners deltas should be an important part of any study 
i n t he a re a . 


With respect to deve10ping an additional source of water in another 
aquifer, the study leading to this report showed only one promising area. 
This area,. which is located along Conewango Creek near Poland Center, was 
originally thought to be a part of the Jamestown aquifer. However, test 
we1ls constructed by the city of Jamestown while this report was in prepara- 
tion indicated that the water-bearing deposits near Poland Center are either 
not hydraulically connected to the Jamestown aquifer or that any connection 
that does exist is very poor. For this reason, these deposits are discussed 
in the following section devoted to the Conewango Creek valley. The data 
available on these deposits at this time suggest that they may be capable of 
yielding a few million gallons per day. A much more accurate figure will 
obviously be available when the present testing program of the city is 
completed. 


DELTAS AS AQUIFERS 


In the preceding section on the Jamestown aquifer, considerable dis- 
cussion was devoted to the deltas along the sides of the Cassadaga Creek 
valley. As was pointed out, these deltas serve as the principal sites of 
recharge to the aquifer. The present withdrawals from the Jamestown aquifer 
appear to be utilizing most Of the water available in the deltas from Wilson 
Hollow to Hatch Creek at Gerry. As withdrawals from the aquifer are 
increased over the years, more and more of the storage in the deltas up the 
valley from Gerry will doubtless be used. However, because the deltas 
consist of relatively large masses of highly permeable material, they must 
be considered not only as sources of recharge to the Jamestown aquifer but 
as aquifers in themselves. 


. 
The deltas in the Cassadaga Creek valley are shown in plate I. They 
consist of the roughly triangular-shaped areas of sand and gravel that 
extend out into the valley along each of the tributary streams, including 
the Chadakoin River. It may be observed in plate I that the deltas of Hatch 
Creek (at Gerry) and Mill Creek grade into sand deposits toward the center 
of the val1ey. The flood plain of the Chadakoin River and most of the outer 
part of the delta deposits are underlain by sand. The flood plain in the 
village of Falconer is bordered by sand and gravel deposits. Because the 
deposits comprising the delta of the Chadakoin River differ substantially 
from those of the other deltas, it will be discussed separately at the end 
of this section. 


The deposits comprising the deltas consist of very coarse sand and 
coarse gravel adjacent to the val1ey wall which grades into sand toward the 
center of the valley. The sand layer
 and a few persistent gravel layers 
"interfinger" toward the center of the valley with the layers of silt and 
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clay that comprise the major part of the valley deposits. The gradation and 
the interfingering of the delta deposits are shown in figure 18, and the 
interfingering is shown in figure 22. The delta deposits extend from the 
land surface at least to the depth of the Jamestown aquifer. Therefore, 
their thickness ranges from 120 feet to possibly more than 170 feet. (See 
table 4.) These substantial thicknesses, however, could be misleading. As 
was pointed out in the discussion of the Jamestown aquifer, the delta 
deposits are roughly funnel shaped with the wide part of the funnel at land 
surface and the narrow part at depth. 


The deltas are recharged both by direct precipitation and by water that 
infiltrates from the streams crossing them. Most of this recharge occurs 
during the fall, winter, and early spring. Water discharges from the deltas 
by outflow at land surface around the periphery of the deltas and by downward 
percolation into the Jamestown aquifer. Because of the highly permeable 
nature of the delta deposits, storage is rapidly depleted in the spring 
through the peripheral discharge zone. Thus, the water levels in wells 
penetrating these deposits show a rather rapid decline in the spring and a 
much more gentle decline thereafter. (See figure 21.) 


The only water presently being developed directly from any of the 
deltas, for other than domestic needs, is at the Mill Creek delta. The 
village of Sinclairville has developed a well (215-916-3) in this delta 
which yields 150 gpm. The well is used as an auxiliary supply to supplement 
the yield of spring 217-913-1Sp, wh'ich is located in the uplands east of the 
village. Most of the domestic wells consist of small-diameter driven wells 
equipped with a screened drive point. The yield of some of these wells 
exceeds 30 gpm. It should be possible in many of the deltas to construct 
screened supply wells capable of yielding a few hundred gallons per minute. 
The number of such wells that any delta can supply on a perennial basis 
depends on the amount of water in storage and the rate of recharge during 
the summer months. As most recharge during the summer is probably derived 
from stream infiltration, the yield of any delta is largely dependent on 
storage and the inflow from the stream crossing the delta. (Both these 
factors are discussed in considerable detail in the preceding discussion of 
the Jamestown aquifer.) 


The future development of large water supplies from the deltas must be 
considered from the standpoint of the Jamestown aquifer. The aquifer drains 
water essentially from the bottom of the deltas. Therefore, the most 
effective water supply use of the deltas may be as sources of recharge 
(reservoirs) for the Jamestown aquifer. Certainly any large-scale with- 
drawals from the deltas between Wilson Hollow and Hatch Creek would have a 
highly detrimental effect on the yield of the present Jamestown well field. 


The Chadakoin delta, comprising the deposits laid down by the Chadakoin 
River where it enters the lower Cassadaga Creek valley, serves as an 
important source of industrial water supplies in and near the village of 
Falconer. The industrial pumpage in the area is estimated to be about 
1.2 mgd. The surficial deposits of this delta appear to be composed 
principally of sand (pl. 1). However, deposits of sand and gravel are also 
present as shown on ,
ection A-AI in figure IS. It should be noted that this 
section cuts diagonally across the delta and is based entirely on general- 
ized drillers' logs. It, therefore, provides only a rough idea of the 
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nature and extent of the delta deposits. For example, the available data 
are not conclusive with respect to the hydraulic connection between the 
delta deposits and the Jamestown aquifer. The two are apparently not 
connected along section A-AI but may be connected at other places. In fact, 
small daily fluctuations observed on water-level recorder charts from the 
Jamestown well field are believed to be caused by pumping from industrial 
wells at Falconer which penetrate the delta deposits. 


Several industrial supply wells along the Chadakoin River in the 
village of Falconer draw water from a layer of sand and gravel in the delta 
deposits. The layer is only about 5 feet thick and is overlain by about 
30 feet of silt and clay. Individual wells drawing from this layer yield 
as much as 450 gpm with specific capacities as high as 70 gpm per foot. 
(See records for wells 206-912-1, -2, -3, -4, and 206-911-1, -5, -6, and 7.) 
Although there is no direct evidence of stream infiltration, it appears 
certain that such infiltration does occur and supplies a part of the 
industrial pumpage. It is probable that larger quantities of water can be 
developed from the Chadakoin delta deposits in the Falconer area, particularly 
where permeable layers in the deposits are in contact with the river. 


DEPOSITS IN THE UPPER CASSADAGA CREEK VAllEY 


The two upper branches of the Cassadaga Creek valley contain extensive 
surficial deposits of sand and gravel (pl. 1). These deposits surround the 
Cassadaga lakes and border the Bear lake Outlet. The deposits of sand and 
gravel are generally restricted to the upper ends of the valley. To the 
south the deposits grade into sands that fringe the eastern sides of the 
valley. The most extensive of these sand deposits underlies the area near 
the confluence of Cassadaga Creek and Bear lake Outlet, east and south of 
the hamlet of Pleasant Valley. The extreme upper ends of the valley, north- 
west of Bear lake and north of the Cassadaga lakes, are underlain by mixed 
deposits of till and sand and gravel. 


The character of the sand and gravel deposits in the western branch of 
the valley,. in the vicinity of Bear lake, are shown along sections A-AI, 
B-BI, and C-C. in figure 13. As shown on the sections, the deposits consist 
of layers of sand and gravel interbedded with layers of sand. They are 
underlain by silt and clay or by till. The deposits of sand and gravel and 
of sand are about 125 feet thick immediately south of Bear lake and thin 
down the valley to about 30 feet in the vicinity of well 217-921-4. The 
deposits south of lower Cassadaga lake are shown on section D-DI in figure 
13. The deposits along this section consist of a surficial layer of about 
20 feet of sand and gravel underlain by silt and clay. 


The sand and gravel deposits are the most important source of ground 
water in the upper Cassadaga Creek valley (pl. 3). They are recharged by 
precipitation and, where heavily pumped wells are close to streams, by 
stream infiltration. Recharge from precipitation probably .averages about 
1 mgd per square mile. Most of the streams crossing the deposits are small 
and the amount of water available for infiltration is not large, especially 
during the summer. 
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The yield of wells in these deposits is governed by the transmissibi- 
lity. In order to obtain information on transmissibi1ity, a pumping test 
was conducted at the we11 fie1d of the vi11age of Cassadaga. The aquifer 
at this location consists of a deposit of sand and gravel which is about 
15 feet thick and is overlain by 4 feet of silt and c1ay. 


During the test, well 220-919-2 was pumped at a rate of 170 gpm for 
4 hours and 33 minutes. Drawdowns were measured in wells 220-919-4 and -5 
which are located 114 and 50 feet, respectively, from the pumping well. 
Figure 31 shows a plot of the drawdowns in these two wells with respect to 
time, on logarithmic paper, and other basic data concerning the test. All 
drawdowns have been corrected for a slight rise in static water level during 
the test. 


The data were analysed according to the Theis non-equilibrium method 
(Wenzel, 1942, p. 87-91). This method a110ws the drawdown about the pumping 
well to be analysed in relation to the quantity and duration of discharge. 
The formula used for determining the transmissibility and storage coeffic.ient 
is as f011ows: 


s = 


114.6Q 
T 


SU OO 


e .u 


u 


du = 114.6Q W(u), 
T 


whe re : 


1.87 r 2 S 
u = 
Tt 


T = the coefficient of transmissibi1ity of the aquifer in 
gpd per foot, 


S = the coefficient of storage of the aquifer, a dimensionless 
fractio.n, 


Q = discharge of we11 in gpm, 


s = drawdown of water 1evel, in feet, at any point, 


r = distance, in feet, from pumping well to the point where 
the drawdown Is measured, 


t = time of pumping, in days, required to produce drawdown liS." 


W(u) = ''we11 function of u," constant discharge situation 
(replaces exponentia1 integral), 


e = natural-logarithm base,.numerically equa1 to approximately 2.72. 


The formu1a is bas.ed on the fol1owing assumptions: (1) the aquifer is 
homogeneous and isotropic (has the same permeability in a11 directions); 
(2) the aquifer is of infinite areal extent; and (3) the discharging or 


- 81 - 



GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


recharging wel1 penetrates and receives water from the fu11 saturated thick- 
ness of the aquifer. Although it is not possib1e to meet al1 of these con- 
ditions with anyone natura11y occurring aquifer, and this test did not, the 
results obtained with the formu1a are reasonab1y accurate and quite usefu1. 


Pump i nj tes t of '>ecember 6, 1962 
at Cassadaga, N.Y. 


Well 220.919-2 was pumped at a rate of 
170 gpm while water levels were measured in wells 
.4 and -5. We 11 220-919.2 is screened f rom 10 to 
19 feet, whi Ie well s -4 and .5 both end wi th open 
casing. The measurin9 point (m. p.) On well 220-919-4 
(114 feet from pumping well) is at land surface. 
The measuring point for well -5 (50 feet from 
pumping well) is 2.5 feet above land surface. 


The aquifer consists of sand and gravel from 
4 to 19 feet. Selected drawdown data I isted at 
the right have been corrected for changes in 
static water level. 


-uu 
..u.J ..u... 
....... u.u.......... 
....... 
220-919-4......... o.L!.u 

 
220-919-2 
 ' 220-
 
114 ft.....- 
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We II 220-919.5 Well 220.919-4 
Oepth to water Corrected Oepth to water Co rrec ted 
Time below m. p. drawdown Time below m. p. drawdown 
(Mi nutes) (fee t) (fee t) (Minutes) ( fee t ) (fee t) 
0 6.19 0 0 2.50 0 
I 6.50 .31 2 2.53 .03 
2 6.64 .45 3 2.58 .08 
3 6.78 .59 4 2.62 .12 
4 6.80 .61 5 2.65 .15 
5 6.86 .67 6 2.69 .19 
6 6.90 .71 7 2.73 .23 
7 6.89 .70 8 2.76 .26 
8 6.98 .79 9 2.79 .29 
9 7.01 .82 10 2.82 .32 
10 7.03 .84 12 2.87 .37 
12 7.09 .90 14 2.93 .43 
14 7.13 .94 16 2.96 .46 
16 7.15 .96 18 3.01 .51 
18 7.19 1.00 20 3.03 .53 
20 7.22 1.03 24 3.10 .60 
24 7.27 1.08 28 3.14 .64 
28 7.31 1.12 32 3.18 .68 
32 7.33 I. 14 36 3.20 .70 
36 7.37 1.19 40 3.23 .73 
40 7.39 1.21 50 3.28 .78 
50 7.44 1.26 60 3.32 .82 
60 7.48 1.30 70 3.35 .85 
70 7.52 1.35 80 3.37 .87 
90 7.56 1.39 90 3.39 .89 
110 7.58 1.42 110 3.42 .92 
130 7.59 1.43 130 3.43 .93 
160 7.61 1.46 160 3.45 .95 
200 7.61 1.47 200 3.46 .96 
240 7.61 1.48 240 3.47 .97 
273 7.62 1.50 260 3.48 .98 


, Well 220- 919.5 (50 ft. from pumped well) 
+ Well 220- 919-4 ( 114 ft. from pumped well) 


+"" 
J1 +",+ 
y+ 
.+ 
,+'+ 
++ 
;4 
y"" 
/ 


@ Match point for data from 
well 220-919-4 
W (u)= 1 
-ij-= 10 


@ 
Match point for data from 
well 220-919-5 


T = 48,705 gpd 1ft 
S = .0050 


W(u) = I 


.1.- 
u - 
T = 77,928 gpd/ft 
S = .0024 


Type curve trace 


10 
Time In minutes, since pumping began 


100 


1000 


Figure 31.--Time-drawdown curves and basic data from a pumping 
test at the Cassadaga we11 fie1d. 
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In order to determine the T and S values of the aquifer, the drawdowns 
in the observation wells are plotted against the time, in minutes, since 
the pumping started. The curve described by these points is a segment of 
the "type curve" produced by plotting the exponential integral W(u) against 
values of l/u. The segment of the plotted data curve is superposed on the 
type curve and a "match point" for the values of W(u), l/u, s, and t is 
selected. The va1ues obtained are inserted in the formulas given above and 
values for T and S are determined. An excellent discussion of the "type 
curve" method of analysis may be found in recent papers by Ferris and others 
(1962, p. 92-98) and Bentall (1963, p. 19-23). 


The match of the type curve with segments of the plots of the drawdown 
data yields values of about 78,000 and 49,000 gpd per foot for the trans- 
missibilityof the deposit at Cassadaga. The storage coefficients were 
computed to be 0.0024 and 0.0050. 


It will be noted in figure 31 that the plot of the drawdown data for 
both we11s diverges below the type curve during the latter part of the test, 
and by the end of the test, water levels in the deposit had nearly stabilized. 
In other words, the drawdowns resulting from the pumping were less than would 
have been predicted with the Theis equation. The divergence of the drawdowns 
below the type curves may be due to any of three possible causes: (I) vertical 
leakage through the silt and clay layer overlying the aquifer, (2) recharge 
from a nearby surface-water body, or (3) a change from artesian to water-table 
conditions in the aquifer. 


An examination of the drawdown plots seemed to indicate that leakage 
through the confining bed was the cause of the divergence. In fact, the 
drawdown plots match a1most perfectly with the type curve developed for leaky 
artesian aquifers by Hantush and Jacob (1955). However, the leaky artesian 
analysis requires that a constant supply of water be available above the 
leaking confining bed. The geology at the pumping-test site indicates that 
this is not the case because the confining bed of silt and clay is exposed 
at land surface around the well field. The departure also could not be 
caused by recharge from precipitation reaching the aquifer because there was 
no appreciable rain during the 12 days preceding the test. 


The second explanation for the deviation from the type curve seemed 
possible because there are several swamps and ponds within a short distance 
of the well field. The closest surface-water body is the pond north of the 
field (fig. 31). If the pond had been contributing water to the aquifer, it 
should have reduced the drawdowns most noticeably in well 220-919-4, which 
is between the pond and the pumping well. This reduction in drawdown, at 
the observation well, wou1d cause the computed transmissibility at that well 
to be higher than that computed at well 220-919-5. However, just the 
opposite is true, and surface-water recharge must be ruled out as the major 
factor influencing the decline in the rate of drawdown. 


The third possible cause is that the water in the aquifer was under 
artesian conditions at the start of the test but started through a trans- 
ition phase to water-table conditions at the time when the divergence began. 
This is not an unusual occurrence. A pumping test in eastern New York 
during which the aquifer went through a transition from artesian to water- 
table conditions is described by Heath and Tannenbaum (1963, p. 112-114). 
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The transition from artesian to water-table conditions creates a decline in 
the rate of drawdown because, under water-table conditions, a large amount 
of water is derived from dewatering of the aquifer. The amount of water 
derived from storage under artesian conditions is insignificant and a change 
to water-table conditions would appear as the addition of water to the 
system. An analysis of water levels in the aquifer, before and during the 
test, indicates that as the test began the water level in the aquifer was 
slightly above the bottom of the confining bed. Even though the amount of 
drawdown was not large, it appears that it was large enough, at least in 
the vicinity of the pumping well, to decline below the bottom of the con- 
fining bed and to cause dewatering in a portion of the aquifer. 


In summary, the test showed that the aquifer in the Cassadaga area, 
although thin, has a fairly high transmissibility. Therefore, it may be 
developed to yield greater amounts of water than are presently being pumped. 


No pumping test was conducted in the deposit of sand and gravel along 
Bear Lake Outlet. However, well 219-921-1 at Stockton has a reported 
specific capacity of 100 gpm per foot. The specific capacity of a well is 
the yield in gpm per foot of drawdown. Because the yield of a well is 
proportional to drawdown, the specific capacity roughly indicates the 
transmissibility of an aquifer. This would indicate a transmissibility of 
about 150,000 gpd per foot for well 219-921-1. The reported specific 
capacity may be somewhat high, but it is evident that the deposit has a 
high transmissibility. 
The large deposits of sand (pl. I) which underlie the area to the 
north and east of the junction of Bear Lake Outlet and Cassadaga Creek are 
somewhat similar hydrologically to the deposits previously discussed. These 
deposits are relatively thin and in hydraulic contact with nearby streams. 
However, they are cOmPOsed of fine to medium sand and, thus, probably have 
a moderately low permeability. They do not yield water readily to wells, 
and many of the wells developed in these deposits are large-diameter dug 
wells. It is possible to utilize these deposits to obtain yields adequate 
for ordinary domestic or farm uses. Because of the low penmeability and 
thinness of these deposits, moderate to large yields would probably require 
the cons truct i on of hor i zonta I "co II ect ing" ga II eri es. 


Water is drawn from the penneable deposits in the upper part of the 
Cassadaga Creek valley from the two supply wells at the village of Cassadaga 
and from numerous farm and domestic wells. The pumpage of the village of 
Cassadaga amounts to about 140,000 gpd. It is probable that several 
additional sites capable of yielding 100,000 to 200,000 gpd could be 
developed in the area. 


CHAUTAUQUA LAKE VALLEY 


The Chautauqua Lake valley is shown on the southwestern portion of 
plate I and the western portion of plate 2. For purposes of this discussion, 
the valley is considered to include all of the low-lying land surrounding 
Chautauqua Lake, the upper Chadakoin River, and the floor of the tributary 
valley extending to the southwest from Ashville. It excludes the till and 
bedrock uplands adjacent to these areas which were discussed in an earlier 
section of this report. 
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As in the Cassadaga Creek valley, the valley of Chautauqua Lake is 
filled with great thicknesses of unconsolidated material. Very few wells 
penetrate the deeper parts of these deposits because of the large portion 
of the valley occupied by the lake Itself. However, Muller (1963, p. 35) 
reports that a well drilled about 2 miles northwest of Hartfield, near the 
north end of the lake, penetrated OYer 400 feet of unconsolidated material 
without reachin9 bedrock. Well 209-923-6, at Bemus Point, is reported to 
be 400 feet deep and did not reach bedrock (table 6). Information from 
wells 206-915-1 and -2, at the eastern end of the valley, indicates that 
the bedrock floor is more than 200 feet below land surface in that area. 
Data from wells in the valley extending southwest from Ashville show that 
bedrock is 200 to 300 feet below the land surface in that area. Well 
202-925-1, near Watts Flats, reached bedrock at 293 feet. Depths to bedrock 
and logs of wells are given in table 6 and figure 43, respectively. 
Plates I and 2 show the surficial deposits in the Chautauqua Lake 
valley. Most of the large areas of surficial sand and gravel around 
Chautauqua Lake were deposited by glacial melt water. This deposition 
apparently took place around the fringe of an ice tongue which extended 
from the north to about the area of Bemus Point. As the ice completely 
melted, these deposits were left around the margin of the valley. The only 
extensive coarse deposits on the floor of the valley occurred at Bemus Point 
and Long Point where material was deposited as a moraine at the end of the 
ice tongue. Because of their manner of formation, the sand and gravel 
deposits are generally thickest near the valley walls and thin toward the 
center of the valley. Most of the deposits are above the present level of 
Chautauqua Lake. However, in the area of Bemus Point and Long Point, sand 
and gravel deposits extend below lake level. 


In addition to the sand and gravel deposited In the valley by glacial 
melt water, several of the sand and gravel deposits that border Chautauqua 
Lake were laid down as deltas by tributary streams entering the lake. Two 
easily identifiable deltas are the sand and gravel deposit at Greenhurst; 
and the large deposit of sand and gravel and of sand south of Chautauqua. 
Both of these deltas may be recognized in plate 2 by their roughly triangular 
shape and the extension of the deposits into the lake. However, delta 
deposits which are not as apparent at first glance, occur wherever tributary 
streams enter the lake. These other stream deposits, consisting mainly of 
sand and gravel, occur at Mayville, Dewittville, and between Bemus Point and 
Phillips Mills. Most of the delta deposits around Chautauqua Lake are 
smeller and, therefore, less obvious than those in the Cassada9a Creek 
valley. However, they have many of the same features. For example, the 
coarsest and thickest deposits occur near the valley walls In the upstream 
portion, and the delta deposits generally become thinner and interfinger 
with silt and clay toward the lake. 


Large areas of mixed deposits which consist of a complex mixture of 
till, sand and gravel, and silt and clay are shown in plates I and 2 north 
of Mayville, at Jamestown, and south of Chautauqua. These deposits were 
fonmed at the end of ice tongues as terminal moraines. 


Although large areas of coarse-gralned deposits are shown In plate 2, 
it is apparent from the available well logs that most of the unconsolidated 
material in the Chautauqua Lake valley is fine grained. The subsurface 
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relationship of the deposits is complex, as is the case in the other valleys. 
Figure 32 shows geologic sections across the valley of Chautauqua Lake near 
Bemus Point and in the Watts Flats areas. The section at Bemus Point shows 
the deposits of sand and gravel along both sides of the valley. Toward the 
center of the valley these deposits become fine grained consisting predom- 
inantly of silt and clay with a few thin beds of sand or gravel at various 
depths. The deeper portion of the valley consists of great thicknesses of 
silt and clay. This sequence of deposits is typical along the lake. 
Section B-B' in figure 15 shows a cross section of the deposits at the 
eastern end of the Chautauqua Lake valley. This section shows the large 
amount of silt and clay present at the south end of the lake and the complex 
mixed materials in the moraine at Jamestown. 


In the valley extending southwest from Ashville, there are extensive 
deposits of sand and of mixed material (pl. 2). The deposits in this area 
were formed by deposition as a terminal moraine of an ice lobe and as out- 
wash in front of the terminal moraine. One interesting fact is that the 
moraine and the outwash in the area are so exceptionally fine grained. As 
shown on section B-B' of figure 32, more than 200 feet of fine sand occurs 
along the north side of the valley at Watts Flats. It is probable that the 
source of most of these deposits is previous lake deposits which were eroded 
by the ice from the Chautauqua lake valley and transported and redeposited 
by the ice sheet. Some coarser material is incorporated in the deposits to 
the northwest of Watts Flats, but coarse materials seem to be almost 
entirely lacking to the southwest. 


The surficial deposits of sand and gravel shown in plates I and 2 
roughly delineate the principal water-bearing deposits in the Chautauqua 
Lake valley. The yields, to individual wells, of the deposits in the valley 
are shown in plates 3 and 4. Host of the sand or gravel deposits around the 
lake are very permeable and capable of transmitting large quantities of 
water. However, because most of them lie above the level of perennial 
streams or the lake, they do not have thick saturated zones. Although they 
are readily recharged by precipitation, they drain relatively rapidly after 
periods of recharge. Therefore, during the late summer and early fall, 
relatively little water remains in storage in the deposits. Where these 
deposits occur below the level of Chautauqua Lake or a perennial stream, 
recharge may be induced by pumping from nearby wells. 


A pumping test was conducted at the Hayville well field in order to 
determine some of the hydraulic characteristics of the delta deposits that 
serve as a source of supply for the village. The aquifer at the wel) field 
is composed of sand and gravel about 5 feet thick which is overlain by about 
20 feet of mixed fine sand and silt and clay. This fine-grained material 
appears to thin and disappear to the north and west of the well field. 
During the test, well 214-930-2 was pumped at a rate of 300 gpm for 7 hours 
and 30 minutes. The drawdowns of water leve1 were measured in wells 
214-930-3 and -4, 75 feet and 140 feet from the pumping well, respectively. 
Figure 33 shows a plot on logarithmic paper of the recovery of water levels, 
corrected for residual drawdown, in the observation wells along with other 
basic data concerning the test. The leaky type curves were used in matching 
with the plotted data. The leaky type curves (Hantush and Jacob, 1955) are 
a modification of the Theis type curve which was described earlier. 
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Pump i ng tes t of Novembe r 29. 1961 
at Mayvi lIe, N. Y. 



!el I 214-930-2 was pu<nped at an average rate 
of 300 gpm whi Ie water levels (before and after 
pumping) were measured in wells 214-930-3 and -4, 
located 75 feet and 140 feet from pumped well, 
respectively. 


The aquifer consists of sand and gravel 
located between depths of 21 to 26 feet below 
land surface. Measuring point (m. P.) on 
wp.1I 214-930-3 is at land surface, and on 
well -4 j t is at 2.0 feet above land surface. 
Land surface at two wells is not at same altitude. 
Table at right I ists selected recovery meaSure- 
ments. corrected far residual drawdown. 


* 



!II Gravel II} III \\ 
'...../ I I deposits I. I J.!.,
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"4-I'111
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We 11 214-930-3 Well 214-930-4 
Oepth to water Corrected Oepth to water Corrected 
Time below m. p. recovery Time below m. p. recove ry 
(Mi nutes) ( feet) ( feet) (Minutes) ( feet) (feet) 
0 9.46 0 0 10.3 0 
I 9.41 .05 1 10.30 .04 
2 9.28 .18 2 10.20 .14 
3 9.10 .36 3 10.06 .28 
4 8.90 .57 4 9.91 .44 
5 8.72 .75 5 9.77 .58 
6 8.51 .96 6 9.63 .72 
7 8.32 I. 15 7 9.48 .87 
8 8.14 1.34 8 9.33 1.03 
9 7.96 I. 52 9 9.19 1.16 
10 7.79 1.69 10 9.05 1.30 
12 7.45 2.04 12 8.83 1.54 
14 7.17 2.32 14 8.58 I. 79 
16 6.91 2.59 16 8.33 2.05 
18 6.70 2.80 18 8.17 2.21 
20 6.48 3.03 20 7.97 2.40 
24 6.14 3.38 24 7.68 2.69 
28 5.87 3.66 28 7.42 2.96 
32 5.65 3.89 32 7.21 3.18 
36 5.46 4.09 36 7.03 3.36 
40 5.29 4.27 40 6.86 3.54 
50 4.95 4.63 50 6.54 3.87 
60 4.68 4.92 60 6.29 4.13 
70 4.47 5.15 70 6.05 4.39 
80 4.26 5.37 80 5.84 4.61 
102 3.89 5.77 100 5.53 4.93 
120 3.68 5.99 120 5.29 5.18 
140 3.55 6.15 140 5.12 5.37 
170 3.43 6.28 170 4.88 5.62 
190 3.24 6.48 190 4.76 5.74 
230 3.07 6.66 240 4.49 5.93 
270 2.89 6.86 280 4.31 6.12 
320 2.71 7.06 320 4.19 6.25 


Match point for data from 
@ / well 214-930-4 
/ 0 W(U,i):t.O 
Match point for data from 
well 214-930-3 
r 
W (u;S): 1.0 


-IT : 10 


T 


14,948gpd/ft 
.0013 


-IT : 10 
T : 17,403 gpd/ft 
S : .0058 
p' : 5.81 gpd/ft 


S 


p' 1.44 gpd 1ft 


Type curve trace where 
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Figure 33.--Time-recovery curves and basic data from a pumping test 
at the Mayville well field. 
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The assumptions in using the leaky artesian aquifer type curves 
are similar to those used in applying the Theis non-equilibrium method, 
except that the confining bed is assumed to be leaking water to the aquifer. 
The leakage is proportional to the drawdown and it decreases the total 
amount of drawdown expected because water is being added to the aquifer to 
supply a portion of the pumpage. In order for the leaky artesian analysis 
to apply, an essentially constant source of water must be available to 
supply the leakage across the confining bed. The geology at the Mayville 
test site, especially with the small stream crossing the confining bed, 
makes this condition seem probable. A discussion of the development of the 
leaky type curves and their application may be found in a paper by Walton 
(1962, p. 4-6). 


As shown in figure 33 the transmissibility of the aquifer was calculated 
to range from about 15,000 to 17,000 gpd per foot. The storage coefficients 
of 0.0013 and 0.0058 indicate that the aquifer is under artesian conditions. 
The permeability of the confining bed was computed to be 1.4 and 5.8 gpd per 
square foot for the two wells. 


Well 214-930-2 is one of two supply wells owned by the village of 
Mayville. The other supply well, 214-930-1, is located about 200 feet south 
of well -2. The pumpage of the village from these two wells averages about 
250,000 gpd. 


The village of Lakewood now obtains water from well 206-918-1 which 
yields about 350 gpm. Prior to the construction of this well in 1961, the 
village obtained its supply from two wells located about half a mile north- 
east of Ashville. These wells were abandoned except for supplemental supply 
in the summer because the water contained hydrogen sulfide gas. The water- 
bearing material at both well 206-918-1 and at the abandoned field consists 
of sand and gravel overlain by silt and clay. The specific capacities of 
test wells 206-921-3 and -4 near Ashville, at the former site of the Lakewood 
well field, ranged from about 20 to 40 gpm per foot, indicating a trans- 
missibility for the sand and gravel there of about 30,000 to 60,000 gpd per 
foot. The deposit probably receives recharge along the margins of the Goose 
Creek valley. The hydrogen sulfide gas may indicate that water moves into 
the sand and gravel from the underlying bedrock. Well 206-918-1 is finished 
with a 10-foot screen in sand and gravel between depths of 62 and 72 feet. 
The geology of the area suggests that recharge occurs along the valley wall 
south of the well field. However, because the pumping water level is 40 to 
50 feet below the level of Chautauqua Lake, it is probable that some water 
is derived from the lake. Specific capacity of the well is about II gpm per 
foot which suggests a transmissibility of about 15,000 gpm per foot. The 
pumpage of the village of Lakewood averages about 400,000 gpd. 


The coarse-grained deposits along the upper Chadakoin River valley 
appear to be very similar to those surrounding Chautauqua Lake In that they 
tend to lie along the valley walls with extensions underlying the lake 
deposits. 


The deposits from which wells 206-915-4 and -5 are obtaining water 
appear to be confined portions of the large sand and gravel deposit immedi- 
ately to the south, which at the site of the wells is interbedded with silt 
and clay. The deposits appear to be quite small in areal extent because 


- RQ - 



GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


test wells 206-915-1 and -2 reportedly did not penetrate any such deposits 
further out toward the center of the valley. The only source of recharge 
appears to be from the coarse-grained deposit to the south. Although well 
yields of 200 to 300 gpm are reported from these deposits, drawdowns are 
fairly large and specific capacities of wells in the area are only about 
IS gpm per foot, indicating transmissibilities of about 20,000 gpd per foot. 


There are no large water supplies presently developed in the Chautauqua 
lake valley. There are several small public water systems around the lake. 
The daily use of these ranges from the 5,000 gpd used by the Woodlawn Water 
District to the 400,000 gpd used at lakewood. It is probable that small to 
moderate supplies can be developed at several other places around the lake. 
However, because most of the productive deposits do not seem to be freely 
connected to Chautauqua lake, the development of large ground-water supplies 
in the valley is probably not feasible. 


CONEWANGO CREEK VALLEY 


The Conewango Creek va11ey as used here includes all the valley area 
drained by Conewango Creek from Cherry Creek to the Pennsylvania State line 
except the areas drained by Cassadaga Creek and Chautauqua Lake. The 
Conewango Creek valley extends in a north-south direction along the eastern 
side of the project area (pl. 2). The central part of the valley is shown 
in plate 1. 


It may be observed in plates I and 2 that the Conewango Creek valley 
consists of three distinct segments. South of Cherry Creek for a distance 
of 9 miles, the floor of the valley is I to 2 miles in width and is 
exceptionally flat. In the vicinity of Waterboro and Kennedy the valley 
floor is only a few hundred feet wide. South of Kennedy the valley again 
widens out and takes on much of the same aspect as the northern segment. 


The unconsolidated deposits in the Conewango Creek valley are thicker 
than those in any other part of the project area. In fact, very few wells 
on the valley floor enter bedrock because of the great thickness of the 
unconsolidated deposits. Approximately 5 mites north of Cherry Creek, near 
the center of the Conewango Creek valley but ou
side the project area, the 
depth of unconsolidated material is reported to be greater than 1,000 feet 
(Muller, 1963, p. 49). Well 215-902-2, 3 miles southeast of Cherry Creek, 
was drilled to a depth of 583 feet without reaching bedrock. Also, well 
212-901-7, 2 miles southeast of Clear Creek, was drilled to a depth of 
421 feet without reaching rock. The depth to bedrock is less in the 
Waterboro-Kennedyarea. A test well drilled by the Geological Survey at 
Kennedy (well 209-906-6) penetrated bedrock at a depth of 170 feet. The 
depth to bedrock increases again in the southern part of the valley. 
Well 205-907-3, near Frewsburg, reached bedrock at 340 feet. Well 203-911-6 
was drilled to 225 feet without reaching bedrock. 


The deposits in the main Conewango Creek valley are predominantly 
glacial-lake deposits of silt and clay. Deltas composed largely of sand 
and gravel have been built along the sides of the valley by tributary 
streams. Deposits of sand and gravel, and mixed deposits of sand and 
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gravel and till border the sides of the val1ey in places. The tributary 
valleys, such as those of Clear Creek and Stil1water Creek, contain 
extensive deposits of sand and gravel overlying till. 


Figure 34 shows the lithology and the relationships of the deposits at 
three locations in the Conewango Creek valley. These sections are relatively 
incomplete because only a few well logs are available for the valley. 
However, it may be noted that the material filling the vallsy in these areas 
is predominantly fine grained with only thin layers of sand or gravel at 
various depths. The only extensive coarse-grained deposits are found along 
the valley walls. 


Two sections across the valley, one at Kennedy and one at Po1and Center, 
are shown in figure 35. The. section at Kennedy shows a good example of the 
nature of the high level sand and gravel deposits which underlie terraces in 
that area. The section at Poland Center illustrates the complexity of 
coarse-grained deposits which are overlain by and interbedded with silt and 
clay in the valley bottom. 


For the purposes of the following discussion, the water-bearing deposits 
occurring in the valley have been grouped into (1) the upper Conewango Creek 
valley; (2) the middle Conewango Creek valley; (3) the Poland Center aquifer; 
and (4) the lower Conewango Creek valley. The availability of ground water 
to wells in the Conewango Creek valley is shown in plates 3 and 4. 


UPPER CONEWANGO CREEK VALLEY 


As noted previously, the upper Conewango Creek va11ey is underlain by 
several hundred feet of unconsolidated sediments. Because few wells 
penetrate the deposits to any substantial depth, relatively little is known 
about the character of the deeper deposits. However, from the few available 
well logs (fig. 43), it is apparent that most of the unconsolidated deposits 
in the valley are silt and clay. Deposits of sand and gravel underlie the 
valleys of tributary streams and occur as deltas where the streams enter the 
Conewango Creek valley from the adjoining uplands. Some lower layers of 
sand and gravel deposited by the larger creeks, including Cherry Creek, Hil1 
Creek, and C1ear Creek, appear to extend nearly across the valley. 


The water-bearing deposits in the Conewango Creek valley are, thus, 
similar in occurrence to those in the Cassadaga Creek valley. The major 
differences between the two valleys appear to be (I) that the Conewango 
Creek valley apparently does not contain an extensive and continuous aquifer 
equivalent to the Jamestown aquifer, and (2) that the principal deltas in 
the Conewango Creek valley may be somewhat larger and more extensive than 
those in the Cassadaga Creek valley because they were formed by relatively 
large streams. Actually, the wells in the Conewango Creek valley are too 
widely scattered to detennine whether a relatively continuous layer of sand 
and gravel, equivalent to the Jamestown aquifer, is present. The thin sand 
and gravel layers penetrated by wel1s in the central part of the valley can 
be interpreted either as one continuous layer or as extensions of deltaic 
layers out into the valley. The available data tend to support the latter 
explanation, but this may be proven wrong when additional data become 
available. 
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Several wells in the village of Cherry Creek tap sand and gravel 
deposits at depths of 35 to 60 feet. The sand and gravel is interbedded 
with silt and clay which confines the water under pressure. Wells 217-905-2 
and -3, east of the village, penetrate sand and gravel at depths of 95 and 
180 feet, respectively. No wells are known to exist further to the east in 
the valley so the eastward extent of the sand and gravel layers of the 
Cherry Creek delta is not known. Water levels in the portion of the delta 
downstream from well 217-906-2 are above land surface. However, when the 
village well is pumped at a rate of 100 gpm, the other wells in the delta 
are reported to cease flowing. This indicates that the individual layers 
of sand and gravel, and silt and clay are rather extensive. The principal 
supply of the village of Cherry Creek is spring 217-908-ISp (actually 
several springs). Well 217-906-2 is used in the summer as an auxiliary 
supply. The water use by the village averages about 90,000 gpd. 


Only a few records of wells were obtained in the vicinity of Mud Creek. 
These indicate that sand and gravel underlies the valley floor (pl. 2). 
Well 215-902-1 in the Conewango Creek valley immediately south of Mud Creek 
penetrated only a thin layer of sand at depths of 246 to 249 feet. Because 
Mud Creek is a relattvely large tributary, it could be expected to have a 
moderate-sized delta with thick permeable layers extending past well 
.215-902-1. The fact that such layers were not found suggests that the high 
area immediate
y east of the well deflected the deposition of the creek to 
the west and relatively little deltaic deposition occurred in the vicinity 
of the well. 


The character of the deposits in the Conewango Creek valley in the 
vicinity of Mill Creek are probably better known than in any other part of 
the upper valley. As shown in plate 2, records were obtained for several 
wells in the valley between the villages of Conewango Valley and Rutledge 
(now known as Conewango) as well as at the villages themselves. Section 
A-AI in figure 34 shows the character of the deposits penetrated by those 
wells for which logs were obtained. The wells at Conewango Valley are 
generally less than 100 feet deep and penetrate what is believed to be a 
deposit of sand and gravel that was laid down partly by the ice along the 
side of the valley and partly by the small stream that flows out of the 
uplands west of the village. Well 214-903-9 has been pumped at a rate of 
150 gpm with a drawdown of 9 feet. The transmissibility of the layer 
penetrated by the well is believed to be about 30,000 gpd per square foot. 


The wells at Rutledge penetrate sand and gravel deposits of the Mill 
Creek delta. Wells 214-903-1, and -8, near the west side of the Conewango 
Creek valley, and well 214-902-1, near the center of the valley penetrate 
sand and gravel layers believed to be a part of the Mill Creek delta. 
Evidence for this is that the layers occur at a greater and greater depth 
to the west. In looking at the section it is important to note that water 
wells are generally drilled only to the depth required to obtain the desired 
quantity of water. Therefore, the sand and gravel penetrated by well 
214-903-8 is believed to be present at the site of wells 214-903-1 and 
214-902-1. However, the sand and gravel at well 214-902-1 terminates east 
of well 214-903-1 and, similarly, the sand and gravel layers interbedded 
with silt and clay between altitudes of 980 and 1,080 feet at well 214-903-1 
terminate east of well 214-903-8. The fact that the materials penetrated 
by wells 214-903-1 and -8 are a part of the Mill Creek delta is also 
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substantiated by chemical quality data. It may be observed in table 5 that 
water from these wells is of similar chemical composition to the water from 
well 214-902-1 but is markedly different in composition from the water from 
well 214-903-7 which is near and penetrates the same deposits along the side 
of the valley as well 214-903-9 (fig. 34). 


The wells near the center of the valley flow above land surface. The 
static water level of well 214-903-8 was 10 feet above land surface when 
measured in October 1961. The flow of the well was measured by the driller, 
Merle Cady, and found to be 200 gpm from the open 6-inch casing. (The flow 
of 85 gpm reported in table 6 represents the flow from two small-diameter 
outlets.) The yield of the well suggests a transmissibility of about 
40,000 gpd per square foot for the layer penetrated by the well. 


The valley of Clear Creek is underlain by permeable deposits of sand 
and gravel in hydraulic contact with the creek. These deposits appear to be 
about 40 feet thick in most of the area from Ellington to the main Conewango 
Creek valley. They are underlain either by till or mixed deposits of till 
and stratified deposits. The sand and gravel deposits extend on the surface 
into the Conewango Creek valley nearly to the tracks of the Erie Railroad. 
Layers of sand and gravel interbedded with, and overlain by, silt and clay 
extend eastward across the entire width of the valley. Wells near the 
center of the valley obtain water from a sand and gravel layer at a depth 
of about 90 feet (well 213-902-3). Further east in the valley, wells must 
be drilled to depths of 150 to 200 feet. Wells at a group of summer camps 
along Conewango Creek in quadrangle 212-901 (pl. 2), penetrate layers of 
sand and gravel at depths of 125 to 130 feet which are believed to be a part 
of the Clear Creek delta. 


Most of the wells located on the flat, central portion of the upper 
Conewango Creek valley are flawing artesian wells. Most of these wells are 
penmitted to flow continuously, both to prevent the water in the pipes from 
freezing in the winter, and because the owners believe that if the flow were 
stopped the yield would be reduced. The flow of the wells individually is 
not large--the largest measured flow being 85 gpm--but the total annual 
discharge of all the wells is substantial. In fact, a conservative estimate 
of the total discharge would be 100 million gallons per year. 


In summary, sources of ground water in the upper Conewango Creek valley 
consist of sand and gravel deposits laid down as deltas where streams enter 
the valley and from discontinuous sand and gravel deposits along the sides 
of the valley that are not associated with streams. Four of the streams 
entering the valley: Cherry Creek, Mud Creek, Mill Creek, and Clear Creek, 
are moderate-size streams that have built moderately large deltas. Deep- 
lying layers of sand and gravel associated with these deltas extend nearly 
the entire width of the valley. 


The sand and gravel deposits in the tributary valleys and In the deltas 
appear to be moderately to highly permeable and to be in excellent hydraulic 
contact with the streams crossing them. Because these streams drain 
relatively large areas they have substantial flows. When this fact is 
considered, together with the large volume of the sand and gravel in the 
valleys and in the deltas, it is apparent that substantial quantities of 
ground water can be developed in the upper Conewango Creek valley. To make 
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reliable estimates of the perennial yield of the delta deposits, more data 
is needed on the extent, thickness, and character of the deposits and the 
seasonal variations in the flow of the streams. 


The flow of Clear Creek has been measured several times, both as a 
part of this study and during previous studies, at several sites between 
the villages of Clear Creek and Ellington. These measurements show that 
substantial quantities of water infiltrate from the creek into the sand and 
gravel deposits. Most of this water returns to the creek at the eastern 
edge of the delta (near the Erie Railroad tracks). Correlation of these 
measurements with the continuous streamflow record of Conewango Creek at 
Waterboro indicates a well sustained base-flow discharge as would be expected 
from purely geologic considerations. Therefore, for purposes of estimating 
the perennial yield of the sand and gravel deposits, it may be safe to assume 
that the runoff of the tributary streams, in gpd per square mile, is the same 
as that of Conewango Creek which is shown in figure 29. 


Obviously, any estimate of the perennial yield of the sand and gravel 
deposits of the upper Conewango Creek valley made on the basis of present 
data is subject to substantial error. However, even the rough estimates 
possible at this time should be informative and useful with respect to 
future studies. The perennial yield of aquifers in an area, as noted in 
the earlier discussion of the Cassadaga Creek valley, may be expressed in 
terms of stream runoff from the area. As was pointed out in that discussion, 
the value cannot exceed the average annual flow of 1.1 mgd per square mile 
which on Conewango Creek is the flow equaled or exceeded 31 percent of the 
time (fig. 29). It may, in fact, be only a small part of the average annual 
flow in areas where relatively little water is In storage in aquifers. . 
Because of the relatively high sustained base flow of Conewango Creek (and, 
therefore, presumably of its principal tributaries) which indicates sub- 
stantial ground-water storage, it is believed that a perennial yield of 
300,000 gpd per square mile would be a reasonable value. It may be observed 
in figure 29 that this is the flow equaled or exceeded about 65 percent of 
the time. Estimates of ground-water yields based on this value for the 
principal tributary valleys are shown below: 


Approximate Es ti mated 
Va II ey drainage area y ground-water yield 
(square mi les) (gallons per day) 
Cherry Creek 11 3,300,000 
Mud Creek 15 4,500,000 
Hi I I Creek 10 3,000,000 
Clear Creek 32 9,600,000 


1/ Includes area of principal stream and of 
unnamed tributaries flowing over sand 
and gravel deposits in same valley. 


- 96 - 



GROUND-WATER HYDROLOGY 


MIDDLE CONEWANGO CREEK VALLEY 


The middle Conewango Creek valley, as used in this discussion, includes 
the area from the intersection of the State drainage ditch and Conewango 
Creek, 2 miles northeast of Waterboro, to the vicinity of Kennedy. The 
unconsolidated deposits in this portion of the valley are shown in plates I 
and 2. This segment of the valley represents the meeting ground of the ice 
tongues that advanced simultaneously down the Conewango and Cassadaga Creek 
valleys. It, therefore, is not as deeply cut into the bedrock as the upper 
and lower segments. The width of the bedrock valley is roughly indicated by 
the present extent of sand and gravel, mixed, and silt and clay deposits on 
the plates. It is generally about a mile wide except southeast of Kennedy 
where it narrows to about half a mile. The depth to bedrock in well 209-906-6 
at Kennedy is 170 feet below land surface. The depth is doubtless greater 
both to the northeast and southwest. 


The unconsolidated deposits in the valley consist of till lying directly 
on the bedrock. The till is overlain by a thick section of silt and clay 
which is, in turn, overlain by deposits of sand and gravel and mixed deposits. 
Conewango Creek has cut its present channel down into the sand and gravel and, 
in places, into the underlying silt and clay. Thus, the surficial sand and 
gravel and the mixed deposits now occur as relatively flat-topped "terrace- 
like" deposits along the present narrow valley of the creek. Many of the 
features described above may be seen on section A-AI in figure 35. 


The "terrace-like" deposits of sand and gravel receive recharge both 
from precipitation and from overland runoff from the adjacent uplands. How- 
ever, the deposits also usually bottom above the level of the creek and are 
rapidly drained both directly to the creek and by seepage around the margins 
of the deposits. During most summers only a thin saturated zone near the 
base of the deposits may be present. Spring 209-903-1Sp is an example of the 
water being discharged from this thin saturated zone. The spring which 
drains the terrace of sand and gravel to the north was flowing at a rate of 
about 60 gpm on August 25, 1961. The substantial discharge of the spring 
suggests that the aquifer supplying it is quite permeable. Probably the most 
effective development of many of these high-level deposits would be by 
utilizing such springs. 
Sand and gravel deposits extend for a short distance below the level of 
Conewango Creek in parts of the area. As shown in figure 35, such deposits 
extend to a depth of about 30 feet at Kennedy. Similar conditions seem to 
exist in the vicinity of Waterboro. Although the areal extent of these 
deposits below the level of the creek is quite small, good hydraulic contact 
with the creek appears to exist. This would allow water to be derived from 
the creek by infiltration. The flow of Conewango Creek at Waterboro is at 
least 31 mgd 90 percent of the time. Therefore, it may be possible to obtain 
moderate perennial yields from the sand and gravel deposits where they occur 
below creek level. 


Wells in most of the mixed deposits usually have low yields as indicated 
in plates 3 and 4. The reasons for these low yields are that the sand and 
gravel in these deposits is of small areal extent and is interbedded with 
relatively impermeable till. One outstanding exception to this is well 
208-900-1 which is one of the public supply wells developed by the village 
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of Randolph. The yield of this well is about 200 gpm from a gravel deposit 
30 feet below land surface. In this mixed deposit it appe8rs that the 
aquifer has an excellent source of recharge in a higher portion of the 
deposit where it may be In contact with the small stream that flows through 
the area. 


POLAND CENTER AQUIFER 


One of the largest and most important aquifers in the Conewango Creek 
valley occurs near Poland Center in the area shown in figure 36. The extent 
of the aquifer as shown in the figure is only the known extent based upon 
present information. The Poland Center aquifer consists of a deposit of 
sand and gravel ranging in thickness from 5 to 70 feet in the area shown in 
figure 36, and overlain by from 10 to 80 feet of fine-grained material. The 
greatest known thickness of the aquifer is at a recent (December 1964) test 
well drilled for the city of Jamestown near the east bank of Conewango Creek 
about 2,000 feet northeast of well 207-906-6. (See figure 36.) The top of 
the aquifer is only 14 feet below land surface at this site. The aquifer 
thins to the southwest and west and terminates south of well 208-906-2. Its 
extent to the east and southeast is not known. However, the aquifer is not 
present in the vicinity of well 208-905-7. A test well drilled by the city 
of Jamestown near the hamlet of Clark penetrated sand and gravel which may 
be an extension of the aquifer. A section through part of the deposit is 
shown in figure 35. 
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Figure 36.--Known areal extent of the Poland Center aquifer. 
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The sand and grave1 aquifer at the P01and Center site was origina11y 
thought to have been deposited at the margins of the ice that once occupied 
the area. On this basis it was thought that the deposit might represent an 
outer high1y irregular fringe of the Jamestown aquifer (Crain, 1963, p. 4). 
However, the recent dri11ing by the city of Jamestown indicates 1itt1e or 
no connection with the Jamestown aquifer. 


The origin of the deposit is of prime importance in determining its 
extent and variations in its water-bearing character. However, the best 
guess that can be made at this time is that it was deposited near the margin 
of the ice sheet as the ice melted back from the vicinity of Kennedy. It 
may, therefore, be re1ated in origin (but recent test dri11ing indicates not 
now hydrau1ical1y connected) to the surficial sand and gravel deposit under- 
1ying the area extending southeast from Kennedy. It is also possib1e that 
the aquifer extends southeast of the Poland Center site and gradua11y merges 
into the de1ta of Mud Creek. (This is not the same Mud Creek discussed in 
the upper Conewango Creek va11ey.) With respect to a possib1e hydrau1ic 
connection between the P01and Center aquifer and the Mud Creek de1ta, it 
should be noted at this point that this delta appears to be composed of a 
veneer of sand and gravel about 20 feet thick which is under1ain by c1ay and 
additional beds of sand and grave1. The aquifer may represent a northward 
extension of the sand and grave1 1ayer of the delta, but evidence avai1ab1e 
at the present time is not sufficient to determine this. 


Knowing that the aquifer in the Poland Center area was fair1y 1arge 
and in a favorab1e position for recharge by stream infi1tration, information 
on the hydrau1ic characteristics was needed to eva1uate its potentia1 as a 
source of water supply. Therefore, a pumping test on the aquifer was 
conducted during the fa11 of 1962. The test consisted of pumping well 
207-906-6 at a rate of 524 gpm during a 48-hour and 10-minute period from 
October 31 to November 2, 1962. During the test, water-1eve1 observations 
were made in the pumping we11 and in we11s 207-906-7 and -8 which are 
10cated 77 feet and 600 feet, respectively, from the pumping we11. After 
pumping was stopped, the recovery of water levels was a1so measured in a11 
three we11s to verify the drawdown data. 


At the start of the test the stage of Conewango Creek was rising. The 
stage peaked during the test and the creek leve1 dec1ined for the remainder 
of the test and during the recovery period. The water 1eve1 in the aquifer 
apparently responded to these changes in the creek 1evel. The recovery 
portion of the test was, therefore, used for ana1ysis because it was easier 
to correct for the change in static water leve1 in the aquifer in response 
to the change in trend of the creek stage. 


Figure 37 shows basic data concerning the pumping test and an ana1ysis 
of the recovery data. The recovery measurements were corrected for residua1 
drawdown and the change in static water 1eve1, then p10tted against time, in 
minutes, on 10garithmic paper. 


Matching the test data with the Theis type curves yie1ded va1ues of 
about 570,000 gpd per foot and 620,000 gpd per foot for the transmissibi1ity 
of the aquifer. The storage coefficients were computed for the two we11s to 
be 0.025 and 0.00054. As indicated by the dashed 1ine in figure 37, the 
water 1eve1 in wel1 207-906-7, 77 feet from the pumping wel1, had ful1y 
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Pumping test of Oct. 31-Nov. 2. 1962 
nea r Po J and Cente r 


We I I 207-906-6 was pumped at a rate of 524 gpm 
for 48 hours and 10 minutes. Water levels were 
measured in wells 207-906-7 and -8 during and after 
pumping. Table at right I ists selected data from 
the recovery portion of the test. The recovery 
measurements were corrected for residual drawdown 
and changes ins tat i cleve I . 


The pumped well was located about 59 feet west 
of Conewango Creek. The aquifer consists of sand 
and gravel from 45 to 81 feet at well 207-906-6. 
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Depth to water Corrected Depth to water Corrected 
Time below m. p. recove ry Time below m. p. recove ry 
(mi nu tes) (fee t) ( feet) (mi nutes) (feet) ( feet) 
0 10.24 0 0 5.51 0 
1 10.15 .09 I 5.47 .04 
2 10.12 .12 2 5.43 .08 
3 10.10 .14 3 5.42 .09 
4 10.08 .16 4 5.39 .12 
5 10.07 .17 5 5.38 .13 
6 10.05 .19 6 5.36 .15 
7 10.04 .20 7 5.35 .16 
8 10.03 .21 8 5.33 .18 
9 10.02 .22 9 5.32 .19 
10 10.01 .23 10 5.31 .20 
11 10.00 .24 11 5.31 .20 
12 10.00 .24 12 5.30 .21 
13 9.99 .25 13 5.29 .22 
14 9.98 .26 14 5.29 .22 
15 9.98 .26 15 5.28 .23 
16 9.97 .27 16 5.28 .23 
17 9.96 .28 17 5.27 .24 
18 9.96 .28 18 5.27 .24 
19 9.96 .28 19 5.26 .25 
20 9.95 .29 20 5.25 .26 
22 9.94 .30 22 5.24 .27 
24 9.93 .31 24 5.24 .27 
26 9.93 .32 26 5.23 .28 
28 9.92 .32 28 5.23 .28 
30 9.92 .33 30 5.22 .29 
36 9.90 .34 36 5.20 .31 
43 9.87 .38 40 5.19 .32 
47 9.86 .38 46 5.18 .33 
52 9.86 .39 50 5. J 7 .34 
57 9.84 .41 56 5.15 .36 
63 9.83 .42 60 5.15 .36 
70 9.82 .43 66 5.14 .37 
77 9.81 .44 70 5.14 .37 
8<; 9.80 .45 76 5.13 .38 
93 9.79 .46 80 5.12 .39 
101 9.78 .47 86 5.11 .40 
111 .9.77 .49 90 5.11 .40 
121 9.76 .50 100 5.10 .42 
132 9.75 .50 110 5.09 .43 
146 9.74 .52 120 5.08 .44 
160 9.73 .53 131 5.07 .45 
176 9.72 .54 140 5.07 .45 
193 9.72 .55 152 5.06 .46 
208 9.71 .56 160 5.05 .47 
225 9.71 .56 177 5.05 .48 
253 9.70 .57 221 5.04 .49 
274 9.70 .58 241 5.03 .50 
313 9.69 .59 275 5.02 .52 
409 9.69 .61 302 5.02 .52 
469 9.69 .61 342 5.01 .53 
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Figure 37.--Time-recovery curves and basic data from a pumping test 
near Poland Center. 
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recovered after about 350 minutes. In other words, after 350 minutes the 
water level in the well para11e1ed the changes in the stage of Conewango 
Creek. This is c1ear1y seen in figure 38 which shows water-Ieve1 fluctua- 
tions in the we11 and in Conewango Creek, both at Waterboro and at the site 
of the pumping we11. 
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Figure 38.--We11 207-906-7 and Conewango Creek. 


It may be observed in figure 37 that the water 1eve1s for both we11s 
p10t above the type curves during the first few minutes of recovery. This 
departure above the type curve indicates a faster rate of recovery than 
wou1d be predicted by the Theis equation. The reason for this departure is 
not known but may be due to the fact that the aquifer is stratified and 
observation we11 -7 was finished with only 3 feet of screen and we11 -8 was 
not screened at all. Thus, during the ear1y minutes of recovery the we11s 
ref1ected the change in water 1eve1 in discrete permeab1e 1ayers and not the 
change in the aquifer as a whole. 


In conc1usion, the test showed that the sand an
 gravel deposit at the 
Poland Center site has a transmissibility of about 600,000 gpd per foot. 
The aquifer appears to be rather freely connected hydrau1ica11y to Conewango 
Creek, probably along stretches of the channel where the si1t and clay 
confining bed has been eroded away. The position of such stretches is not 
known. However, a rough ca1cu1ation based on the recovery data for we11 
207-906-7 in figure 37 indicates the presence of a recharge area about 
800 feet from the wel1. Because of the sha110w depth to the aquifer at the 
test we11 (fig. 36), it wou1d appear that this recharge area is between the 
test we11 and well 207-906-6. 
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To determine the perennial yield of the aquifer, additional data must 
be obtained on its extent and water-bearing characteristics, on the 
character and continuity of the confining bed, and on the degree of 
hydraulic connection between the creek and the aquifer. However, the data 
presently available suggest that its yield may be a few million gallons per 
day. 


LOWER CONEWANGO CREEK VALLEY 


The lower Conewango Creek valley includes the main valley of Conewango 
Creek south of Poland Center and the larger tributary valleys except, as 
noted before, those of Cassadaga Creek and the Chadakoin River. The 
unconsolidated deposits underlying the surface of the valley are shown in 
plates 1 and 2. The yields of wells penetrating the different deposits are 
shown in plates 3 and 4. 


The maximum thickness of the unconsolidated deposits in the main valley 
is not known but may be as much as 500 feet. As in the remainder of the 
Conewango Creek valley, most of the deposits are fine grained - consisting 
largely of silt and clay. A nearly continuous sand and gravel deposit 
fringes the eastern side of the valley. Other deposits of sand and gravel 
occur in the larger tributary valleys and in deltas where these streams 
enter the main valley. The eastern end of the Jamestown aquifer extends 
into the area between Falconer and Poland Center. However, because this 
aquifer has been discussed in detail in the section devoted to the Cassadaga 
Creek valJey, it will not be discussed here. 


The sand and gravel deposits that fringe the eastern side of the valley 
serve as sources of small water supplies. Most of these deposits are above 
the main valley and, thus, drain readily. The sand and gravel deposits in 
the tributary valleys and in the deltas are the most important sources of 
ground water in the lower Conewango Creek valley. The sand and gravel 
deposits in the tributary valleys are generally less than 20 feet thick. 
These deposits are favorably situated to receive stream infiltration and 
wells capable of yielding up to 100 gpm can probably be developed in them 
in many places. 


The deltas built by Stillwater Creek, Frews Run, and the other 
tributary streams are relatively small and do not contain either thick or 
extensive deposits of sand and gravel. Numerous test holes drilled in the 
village of Frewsburg indicate that considerable silt and clay is intermixed 
with the sand and gravel. This suggests that the sediments transported by 
Frews Run were largely fine grained. In other words, relatively little sand 
and gravel-sized material was available in the area drained by the stream. 
This is not unexpected in view of the glacial history. The same situation 
is believed to prevail throughout the lower Conewango Creek valley. 


Water is obtained from sand and gravel by the public supply wells at 
Frewsburg. The village obtains about 150,000 gpd from two wells (204-909-1 
and -2) along Conewango Creek about a mile north of the village. (Since 
the completion of this study the village has carried out extensive test- 
drilling operations and has constructed a third supply well north of the 
creek.) These wells penetrate a layer of sand and gravel at depths of 
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about 35 feet. The layer is about 5 feet thick. It is overlain by thinly 
interbedded silt and clay, and sand. It is underlain by silt and clay. A 
test well drilled by the Geological Survey about a mile west of Frewsburg 
(203-911-6) penetrated a layer of sand and gravel between depths of 45 and 
47 feet. From 4] feet to ,the bottom at 225 feet, the well penetrated only 
silt and clay. The layer of sand and gravel is probably the same layer 
penetrated by the Frewsburg wells. 


The origin of this layer is not obvious from the data available at this 
time. It would appear at first glance that the layer is a part of the delta 
of Frews Run. If this were the case, test holes 203-909-1 and -2 drilled in 
the village of Frewsburg should have penetrated thick layers of gravel. 
However, as noted earlier, such layers were not found. Therefore, the layer 
of sand and gravel penetrated by the Frewsburg wells and by the Geological 
Survey test well may represent a thin layer of "outwash" laid down along the 
margins of the ice as it melted up the valley. If this is correct, the 
layer is geologically equivalent to the Jamestown aquifer. The eastern part 
of the sand and gravel deposit along Kiantone Creek may be a surface exposure 
of this layer. 


In order to develop a better understanding of the hydrology of the 
aquifer supplying the Frewsburg wells, a pumping test was conducted on well 
204-909-1. The well was pumped at a rate of approximately 145 gpm for 
12 hours and 10 minutes. Drawdowns of water levels were measured in wells 
204-909-2 and -5, located 150 and SQ feet from the pumping well, respectively. 


The basic data concerning the test and an analysis of the water levels 
are shown in figure 39. It will be noted that a plot of the drawdowns 
against time, in minutes, on logarithmic paper changes from a curve to very 
nearly a straight line after about 100 minutes of pumping. It was found 
that these plots matched the leaky type curves after about 4 minutes pumping. 
Because a leaky confining bed is consistent with the geologic situation, the 
test was analysed according to the leaky artesian aquifer method previously 
discussed. 


On the basis of the type curve matches, the transmissibility of the 
aquifer appears to range from about" 6,900 to about ],400 gpd per foot. The 
storage coefficients were computed to be 0.00006 and 0.0004 which indicates 
artesian conditions. The permeability of the confining bed was calculated 
to range from 2.2 to 0.26 gpd per square foot. The analysis of the test, 
therefore, suggests that the withdrawals of the village of Frewsbufg are 
supplied by slow movement of water through the confining bed from Conewango 
Creek and the nearby swampy areas. 
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'
e 11 204-909-5 We 11 204-909-2 
Pumping test of November 8, 1962 Depth to water Depth to water 
at Frewsburg, N.Y. Time be low m. p. D rawdown Time below m. p. D rawdown 
(mi nutes) (f ee t) ( feet) (mi nutes) ( fee t) (feet) 
Well 204-909-1 was pumped at an average rate 0 7.75 0 0 5.55 0 
of 145 gpm whi Ie drawdowns were measured in wel1s 1 8.89 1. 14 1 6.62 1.07 
204-909-5 and 204-909-2, located 50 feet and 2 10.01 2.26 2 8.37 2.82 
150 feet from the pumped well, respectively. 3 11.26 3.51 3 8.80 3.25 
Table at right 1 ists selected data from the test. 4 12.42 4.67 4 9.14 3.59 
5 13.08 5.33 5 9.45 3.90 
The aquifer consists of a sand and gravel 6 12.99 5.24 6 9.75 4.20 
deposi t at a depth of about 35 to 40 feet below 7 13.68 5.93 7 9.98 4.43 
land surface. Measuring point (m. P.) On well 8 13.88 6.13 8 10.21 4.66 
204-909-5 is top of casing, 1.9 feet above land 9 14.06 6.31 9 10.40 4.85 
surface. Measuring point of well 204-909-2 is 10 14.21 6.46 10 10.61 5.06 
slot in casing 0.25 feet below land surface. 11 14.36 6.61 11 10.73 5.18 
12 14.51 6.76 12 10.86 5.31 
13 14.79 7.04 13 11.01 5.46 
15 14.85 7.10 14 11. 11 5.56 
16 14.92 7.17 15 11.22 5.67 
17 15.03 7.28 16 11.32 5.77 
18 15.11 7.36 17 11.41 5.86 
19 15.19 7.44 18 11.50 5.95 

 20 15.27 7.52 19 11.57 6.02 
22 15.39 7.64 22 11.81 6.26 
24 15.52 7.77 24 11.93 6.38 
26 15.61 7.86 26 12.05 6.50 
28 15.71 7.96 28 12.12 6.57 
32 15.87 8.12 32 12.30 6.75 
36 16.00 8.25 36 12.42 6.87 
40 16.11 8.36 40 12.55 7.00 
46 16.24 8.49 46 12.68 7.13 
50 16.29 8.54 50 12.76 7.21 
60 16.46 8.71 60 12.92 7.37 
200 400 16.52 8.77 70 13.01 7.46 
. . . 70 
Scali In feet 80 16.60 8.85 80 13.08 7.53 
90 16.64 8.89 90 13.13 7.58 
204-909-2 5 100 16.70 8.95 100 13.18 7.63 
120 16.75 9.00 120 13.25 7.70 
140 16.80 9.05 140 13.29 7.74 
160 16.81 9.06 160 13.31 7.76 
180 16.85 9.10 180 13.35 7.80 
200 16.84 9.09 200 13.36 7.81 
220 16.89 9.14 220 13.39 7.84 
260 16.92 9.17 270 13.39 7.84 
300 16.87 9.12 300 13.41 7.86 
320 16.85 9.10 330 13.41 7.86 
362 16.87 9.12 361 13.40 7.85 
440 16.87 9.12 450 13.40 7.85 
34 ft 500 16.85 9.10 510 13.39 7.84 
Open-end 560 16.83 9.08 570 13.37 7.82 
620 16.82 9.07 660 13.32 7.77 
casing 730 16.78 9.03 726 13.35 7.80 
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Figure 39.--Time-drawdown curves and basic data from a pumping test 
at the Frewsburg we11 fie1d. 
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Several types of we11 construction are used in the Jamestown area. The 
type of well construction selected in anyone location is influenced by the 
character of the water-bearing deposit, the cost of construction, and the 
amoun
 of water required. The most common types of wells used in the area, 
from the standpoint of construction, are dug, drilled, driven, and jetted. 


DUG WELLS 


Dug wells are particularly effective in the withdrawal of water from 
till and other fine-grained (relatively impermeable) material. They are 
constructed by excavating a large hole which usually ranges from 24 to 
36 inches in diameter and from 10 to 25 feet deep. The hole is then lined 
with stone or a "porous" tile. When stone is used, it is generally cemented 
only at the points of contact of the stones and, thus, allows water to seep 
in the well from the entire wall area. Similarly, "porous" tile contains 
numerous small openings which permit water to seep through the walls and 
into the well. The large diameter of dug wells provides a large reservoir 
in which ground water accumulates when the well is not being pumped. Even 
though the water-bearing material may be relatively impermeable, this 
storage provides enough water for short periods of large demand. For 
example, each foot of water in a dug well 36 inches in diameter represents 
a storage of 50 gallons of water. If the well contains 5 feet of water, 
the storage amounts to 250 gallons. This storage would be sufficient to 
supply household demands during periods of heavy pumpage even though the 
continuous long-term yield of the well might be' on the order of half a 
gallon per minute or less. Overnight and during other periods when the well 
is not in use, the storage is replenished. 


The topographic position of a dug well affects its yield. Because a 
dug well cannot be excavated for any great distance below the water table, 
those that are located on hilltops or the higher slopes tend to go dry 
during dry summers. This Is caused by the larger fluctuation of the water 
table in these areas. In many places these wells can be deepened while the 
water table is low. 


The advantages of dug wells are (I) they may be cheaply constructed, 
and (2) they may be used to obtain water from a poor aquifer. The disadvan- 
tages are (I) they may go dry during long dry periods, (2) they will not 
yield a large quantity of water for long periods of continuous pumpage, and 
(3) they are susceptible to pollution by surface water. 
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DRILLED WELLS 


Drilled wells are constructed by excavating a hole with either a 
cable-tool or rotary drilling machine. The cable-tool method is by far the 
most common in the Jamestown area. The hole is drilled by raising and 
dropping a large tool which pulverizes the rock. At frequent intervals 
this material is bailed from the hole. As the well progresses, steel casing 
is installed to keep the hole open. Diameters of drilled wells for domestic 
purposes usually range from 4 to 8 inches. Those wells used for industrial 
or public supplies are often 12 to 24 inches in diameter. A drilled well is 
finished differently depending on whether it is ended in bedrock or in 
unconsolidated material. Drilled wells ending in bedrock are cased to the 
top of the rock and the drilling then continues without casing. This leaves 
the hole open throughout the bedrock so that water can freely enter the well 
from any fractures or joints penetrated by the hole. Each of the fractures 
or joints penetrated may add a small amount of water to the total yield. 
Drilled wells ending in unconsolidated deposits are cased the entire depth 
of the well or finished with a well screen. Most drilled wells in sand and 
gravel used for domestic supplies are finished with open-bottomed casing. 
This allows water to enter only through the open end of the casing. Well 
screens are installed in drilled wells which are intended to supply large 
quantities of water. The size of the openings in the screen is selected on 
the basis of the grain sizes found in the aquifer. Some drilled wells are 
also finished by perforating the casing which serves much the same purpose 
as a well screen. 


The advantages of drilled wells are that sustained yields are generally 
greater than those of dug wells and they are less subject to pollution by 
surface water. Disadvantages are that they are relatively expensive to 
construct and they cannot be successful in fine-grained, relatively imperme- 
able aquifers. 


DRIVEN WELLS 


Some of the least expensive and easiest wells to install are driven 
wells. These wells are widely used in areas where sand and gravel is at or 
near land surface. They are constructed by using a heavy weight to drive a 
length of casing, equipped with a well point, into the ground. The diameter 
of the casing is usually from I 1/4 to 2 inches, and the well points contain 
a screened section. Because driving becomes difficult with increasing 
depth, most driven wells are less than 30 feet deep. However, a few driven 
wells in the Jamestown area-are reported to be more than 100 feet deep. 
Because of their small diameters, driven wells are usually equipped with 
suction pumps which limits the amount of drawdown available. The small 
diameter of the casing does not provide any appreciable storage. Because 
of these limitations, the yields from driven wells are usually fairly low. 


JETTED WELLS 


A few wells in the Jamestown area have been constructed by the jetting 
method. Th"is method, as used locally, consists of pumping water through a 
small-diameter casing (I 1/4 to 2 inches in diameter) which washes a hole 


- 106- 



WELL CONSTRUCTION AND ITS RELATION TO YIELD 


through unconsolidated material. As one length of casing is washed down 
another length is attached, and the process is continued until the well is 
at the desired depth. The casing may then be left in place or pulled and 
replaced with another. Jetting is very effective, inexpensive, and fast in 
moving through fine-grained unconsolidated materia1. However, it is 
difficult to jet through coarse-grained material because the jetted water 
is usually carried away into the deposit. Depths of jetted wells have a 
great range, depending on the character of the subsurface material. Some 
jetted wells over 300 feet deep are reported in the Jamestown area. The 
yields, sizes, and characteristics of jetted wells are very similar to 
those of driven wells. 



/ 
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QUAL1TY OF 


WATER 


Two distinctly different types of ground water are found in the 
Jamestown area. One of these types may be termed fresh water and the 
other mineralized water. 


The fresh water is characterized by a chloride content of 1ess than 
10 ppm (parts per million) and a concentration of dissolved solids of 100 
to 300 ppm. (See following section for definition of ppm.) This water 
originates as precipitation in the area. The mineralized water is charac- 
terized by a chloride content of over 1,000 ppm and a concentration of 
dissolved solids of several thousand parts per million. Its mineral content 
makes it unfit for nearly a11 purposes. This water probably has originated 
in either of two ways: (I) as the result of the deep circulation of fresh 
ground water which diss01ved portions of deep sa1t beds, or (2) as the 
result of the upward movement of sa1ine (salty) water that was trapped in 
the bedrock during its deposition in Devonian times. The mineralized water 
moves upward along fractures and faults in the rock and, as it approaches 
the land surface, mixes with the fresh ground water. 


Precipitation is water which has evaporated from the earth1s surface 
from either land or water areas. The chemical constituents are left behind 
during evaporation and the resulting water vapor is essentia11y free of 
minerals. However, the air itself contains dust and chemica1 vapors. Small 
amounts of these chemicals are absorbed as the water vapor condenses and as 
the precipitation fal1s. Therefore, chemical constituents are present in 
the precipitation when it reaches the earth's surface. However, the major 
changes in chemical qua1ity of the water occur after it reaches the land 
surface. 


The identity of the chemical constituents actually present in the water 
will reflect the chemical composition and solubility of the rocks through 
which the water has traveled. Because the chemical composition of the earth 
materials may vary 10cally, both over short areal distances and with depth, 
the chemica1 composition of the ground water wi11 also vary. 


CHEMICAL CONSTITUENTS AND PROPERTIES 


In order to determine the chemical composition of the ground water in 
the Jamestown area, samples of water were collected to reflect areal and 
vertical differences in qua1ity. Table 5 contains standard complete 
chemical analyses of 12 wells and partial chemica1 ana1yses of 107 wells 
and springs. The complete analyses actually represent on1y the chemical 
constituents which are commonly determined in a water analysis. The partial 
analyses show a few selected constituents which are either important in the 
Jamestown area or serve as c1ues to the qua1ity of the water as a whole. 
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GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


All constituents are reported in parts per million which is the ratio of 
the weight of chemical to the weight of solution. For instance, an analysis 
of iron reported as I ppm would indicate I pound of iron dissolved in a 
million pounds of solution. 


No attempt was made to determine the bacteriological quality of the 
water. Therefore, the acceptability of the water from a chemical standpoint 
does not indicate that it is free of harmful organisms. 


DISSOLVED SOLIDS 


Dissolved solids is the residue obtained by evaporating a volume of 
water and drying the residue at 1800 centigrade for I hour. For practical 
purposes, the diss01ved solids, in ppm, may be taken as the total quantity 
of chemical constituents in the water except for those that were volatized 
or were changed during evaporation and heating. 


The concentration of dissolved solids, based on 112 samples of ground 
water from the area, ranged from 90 to 4,440 ppm. The U.S. Public Health 
Service (1962) recommends a limit of 500 ppm dissolved solids for water 
used by common carriers engaged in interstate commerce. However, supplies 
with much higher dissolved solids may be used, if necessary, because the 
500 ppm limit is based mainly on taste and potability of the water. The 
recommendations of the Public Health Service, although applicable only in 
interstate commerce, are generally followed where possible for all drinking 
water supplies. 


The graphs in figure 40 show the concentration of dissolved solids 
according to three aquifer groups: (I) unconsolidated deposits less than 
150 feet deep, (2) unconsolidated deposits more than ISO feet deep, and 
(3) bedrock. Of the samples from shallow unconsolidated deposits, more 
than 70 percent of the samples contained less than 201 ppm dissolved solids. 
Well 205-909-1, which contained 1,030 ppm dissolved solids, appears to be 
obtaining most of its water by upward movement of mineralized water from 
the underlying bedrock. The deeper unconsolidated deposits also yie1d water 
with a relatively low dissolved solids content. 


Water from the bedrock tends to have a higher concentration of dis- 
solved solids than water from the unconsolidated deposits. Fui1y 55 percent 
of the samples had a dissolved s01ids content of more than 200 ppm
 Nearly 
one-fourth of the samples contained more than 500 ppm. 


CHLORIDE 


Chloride is one of the most common chemical constituents of ground 
water. The most frequent natural source of chloride in ground water is 
sodium chloride, or common salt. Ch10ride is objectionable in water because 
in concentrations above 250 ppm the water will taste salty to many people. 
For this reason the U.S. Public Health Service recommends 250 ppm as the 
upper limit for drinking water. Water from 119 wells and springs in the 
area were analysed for chloride content. The concentration of chloride 


- 114 - 



III 
. 


- 
o 


.. 
QI 
.&J 
E 
::I 
c: 50 


o 
- 
o 

 0 0 



 100 
II) 
u 
.. 
II) 
a.., 


QUALITY OF WATER 


100 


100 


Bed rock aquifer 


I 
18 samp'les 
! 


50 


0 
- 0 0 <:> + 0 0 0 + 
2 It) 0 CI N 'I) 
'I 1 (\f 10 i i 0 
I I tV 1 
 
0 = 2 0 iO 
 


I 
o 


+ 
o 

 


Totol dhsolved solids 


Chloride Hardness (a. COC03) 
Ranges of chemical constituents, in parts per mill ion 


Iron 


Figure 40.--Percentage of chemica1 constituents of ground water 
from three different aquifer groups. 


ranged from 0.0 to 2,420 ppm. Figure 41 shows the distribution of the 
sampling points for chloride and the range of concentration at each point. 
The type of aquifer and depth of well are also shown. Chloride concentrations 
above 10 ppm, when occurring in shallow water-table aquifers, often indicate 
pollution. This pollution is probably caused l
rgely by either human wastes 
discharged to the ground through cesspools and septic tanks or from salt 
that is spread on streets and highways during the winter to melt ice. 


A definite relationship exists between the chloride concentration, 
depth, and type of aquifer. Figure 40 shows the relationship of various 
concentrations of chloride to aquifer type and depth. 


Eighty percent of the water samples from unconsolidated deposits at 
depths of less than 150 feet below 1and surface contained less than 10 ppm 
ch10ride. The somewhat high chloride content from wells 203-913-4, 
205-909-1, and 207-917-2 seems to indicate that much of the water is derived 
from upward discharge of mineralized water from the underlying bedrock. 
None of the samples contained more than 250 ppm chloride. Water from wells 
in unconsolidated material more than ISO feet deep contains a somewhat 
higher chloride content than water from shallow deposits. 


. 
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GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 


EXPLANATION 
IRON CONTENT 
o unknown 
s
n9 (! 0.0-0.1 ppm 
U-Unconlolldat.d materiol ct 0 11-0 30 pp m 
a-eadrock .. 
Number dellgnctel d.pth . 0.3'-0.60 ppm 
of w,".'n ftet below . th 60 
land" .urfce. more on. ppm 


@ 
Well 


CHLORIDE CONTENT 
00.0- 10ppm 
o 11-IOOppm 
o IO'-250ppm 
o more than 250 


SCAL! 
o 12M".. 


Figure 41.--Location of sampling points, range of chloride 
and iron concentrations, type of deposits, 
and depth of wells. 


The samples of water from bedrock show that 35 percent of the wells 
sampled contained water with more than 100 ppm chloride. Some 45 percent 
of the wells had a chloride content between 10 and 100 ppm. In 15 percent 
of the wells the water contained more than 250 ppm chloride. 


The relatively highly mineralized water in the area is believed to be 
moving upward from deep layers in the bedrock. There are rock salt beds 
underlying the western and southern portion of the area at, depths ranging 
from 1,500 feet below mean sea level in the north to more than 2,000 feet 
below mean sea level in the south (Kreidler, 1957). These salt deposits 
were penetrated by deep test wells drilled for oil and natural gas. Several 
of the test wells also reportedly penetrated zones containing very salty 
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water at much shallower depths than the rock salt. The mineralized water 
could result from deep circulation of fresh ground water down to the salt 
beds. Most of the upward movement may be along natural breaks in the rocks. 
However, many old test wells exist, especially in the southern portion of 
the area, and several of them have not been adequately plugged. Therefore, 
it is possible that some of the water is moving up through abandoned oil 
and gas test wells. 


It should be pointed out that all the analyses of water from bedrock 
are for wells at the lower altitudes in the valley areas. The bedrock wells 
in the uplands would not be expected to have such a high chloride content 
because fresh water is moving downward from the uplands in these areas 
toward the valleys. 


HARDNESS 


Hardness may be called the soap-consuming power of water. It is due 
mainly to the presence of calcium, magnesium, and other alkaline earth 
metals which form insoluble compounds with soap. For convenience, hardness 
is usually reported in ppm as total hardnes
 equivalent to calcium carbonate. 


Hardness is undesirable in water because the reaction with soap causes 
the formation of a scum on the water, and a greater quantity of soap must be 
used to produce a lather. High hardness also causes the formation of scale 
on the inside of boilers and pipes. The relative hardness of water is 
usually described as follows: 0 to 60 ppm, soft; 61 to 120 ppm, moderately 
hard; 121 to 180 ppm, hard; and greater than 180 ppm, very hard. 


Hardness of water sampled in the Jamestown area ranged from 46 to 
1,090 ppm, based on 116 samples. As shown in figure 40, the water from the 
shallow unconsolidated deposits tended to be harder than that from the deep 
unconsolidated deposits. In fact, nearly 60 Percent of the ground water in 
this group would be termed hard. 


Interestingly, the water from the bedrock also tends to be slightly 
harder than that from the deep unconsolidated depdsits. This may seem to 
be illogical because the water in the deep unconsolidated deposits should 
be somewhere between the other two aquifer groups in hardness. However, 
the exp.l,anation for this may be that part of the water is naturally softened. 
This would occur by having the calcium and magnesium exchanged for sodium, 
which forms soluble compounds, as the water moves through the thick deposits 
of clay and silt. 


I RON 


Iron in excess of about 0.3 ppm Is likely to cause staining of 
porcelain fixtures. People with a sensitive taste may also detect the 
presence of iron at this concentration. For these reasons, the U.S. Public 
Health Service recommends that water containing more than 0.3 ppm of iron 
should not be used where more suitable supplies are available. 
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Detenminations for iron were made on 80 samples of ground water, and 
concentrations were found to range from 0.01 to 3.4 ppm. Location of 
sampling points, range of concentrations, type of deposits, and depth of 
wells are shown in figure 41. The remarks columns of tables 5 and 6 also 
contain reports of iron by well owners. 


Figure 40 shows the relative concentrations of iron in the three 
aquifer groups. Fu11y 75 percent of the wells in the shallow unconsolidated 
deposits contain less than 0.31 ppm of iron. The water in the deep uncon- 
solidated deposits contains only slightly more iron and about 70 percent of 
these samples show less than 0.31 ppm. 


About 64 percent of the water samples obtained from the bedrock aquifer 
contain more than 0.3 ppm of iron. However, part of this iron may not 
reflect the natural quality of the ground water outside the well. Because 
many of the bedrock wells contain hydrogen sulfide gas, the water tends to 
be acidic. (See below.) This makes it possible for the water to dissolve 
some of the iron from the well casing and plumbing which may give an 
erroneously high iron content for the ground water in the bedrock. 


HYDROGEN SULFIDE (H2S) 


The gas hydrogen sulfide (H2S) is quite widespread in the ground water 
throughout the Jamestown area. It gives the water a characteristic odor of 
"rotten eggs." The principal problems caused by hydrogen sulfide are the 
odor and the fact that it makes the water acidic. As mentioned before, 
this causes the water to be quite corrosive which may lead to iron staining 
and damage to plumbing. The gas is also toxic but is usua11y not present 
in large enough quantities to be harmful. Aeration will allow the gas to 
escape from the water and make it more palatable. 


No quantitative determinations of hydrogen sulfide were made. However, 
it was noted in several water supplies and reported by many we)1 owners. 
Concentrations of as little as 1 ppm is enough to cause a strong odor. The 
remarks columns of tables 5 and 6 note any occurrence of hydrogen sulfide. 
Homeowners often report the presence of hydrogen sulfide as "sulfur water." 


The hydrogen sulfide tends to occur in the bedrock aquifer or in 
unconsolidated aquifers confined under si1t and clay. It may be formed 
from the reduction of sulfate by bacteria in the presence of natural gas 
( CH 4) (Hem, 1959, p. 223) or by the oxidation of iron pyrite (FeS2) in the 
bed rock. 


NATURAL GAS (METHANE) 


Natura) gas (methane) is odorless and colorless but very flammable. 
This latter property makes it undesirable in water supplies. The accumula- 
tion of natural gas in cellars and plumbing systems is a potential fire 
hazard. Its presence in ground water is noted in the remarks columns of 
tables 5 and 6. 
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The occurrence of natural gas is quite widespread throughout the 
Jamestown area. Several commercial and domestic gas welts have been 
developed in the area and some of the domestic wells have been included in 
table 6. Most occurrences of the gas in water wells are in small quantities, 
but large quantities were noted in wells 201-917-6, 202-916-4, and 205-908-1. 


Natural gas may occur in any well which ends in bedrock or in unconsoli- 
dated deposits overlain by fine-grained material. Depth is not of primary 
importance because pockets of gas may occur in the bedrock at nearly any 
depth (Newland and Hartnagel, 1939). However, there is definitely a greater 
chance of finding gas in deeper wells, especially in the southern half of 
the area. Often when gas is found in drilling a water well, the quantity of 
gas will decline rapidly if allowed to escape. Well 205-909-3 is an out- 
standing example of this. When drilled, a gas pocket was tapped and the well 
reportedly produced 9.5 million cubic feet per day. The gas flow declined 
rapidly and after several days was unmeasurable. 


Host of the gas occurs naturally in the bedrock and is continually 
moving up from deeper depths. It is possible that many of the shallow 
deposits are partially due to leakage from old gas test wells, or that the 
upward movement of the gas has been facilitated by these abandoned wells. 


SPECIFIC CONDUCTANCE 


Specific conductance is a measure of the ability of the water to conduct 
electricity and indirectly a measure of the mineral content. The more heavily 
mineralized a water sample, the more readily it will conduct"electricity. The 
specific conductance was determined on most of the water samples in table 5 to 
provide a clue to the concentration of chemical constituents. 


HYDROGEN-ION CONCENTRATION (pH) 


The pH of a solution is defined as the negative logarithm of the 
hydrogen-ion concentration. It is used to express the acidity and alkalinity 
of a solution. A pH of 7 is considered neutral, and the solution would be 
neither acidic nor alkaline. A solution with a lower pH than this would be 
acidic, and that with a higher pH would be alkaline. 
The pH is very important because a water with a low pH (acidic) tends 
to be corrosive, and water with a high pH (basic or alkaline), tends to 
cause deposition of mineral matter from solution such as calcium carbonate. 
In general, this also means that water with a low pH can dissolve and contain 
more chemical constituents than water with a high pH. 


The analyses listed in table 5 have a pH range of from 6.9 to 8.6. This 
would seem to indicate that most of the ground water in the area is alkaline. 
However, this may be misleading because all of the samples were analysed some 
weeks after they were collected and it is quite probable that the pH of the 
samples changed. For this reason, the pH readings in table 5 probably give 
only a rough indication of the actual pH of the water in the ground. It is 
to be expected that some of the ground water in the Jamestown area would 
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actually be acidic and, therefore, corrosive in nature. This would 
undoubtedly be true of those waters derived from the deeper unconsolidated 
deposits, and from the bedrock, which contain hydrogen sulfide gas. 


NITRATE 


Thirteen analyses for nitrate are shown in table 5. Nitrate may be an 
important chemical constituent of ground water in some areas. In most 
natural waters it is present in amounts of less than 1.0 ppm. Its presence 
in concentrations greater than 5.0 ppm is often an indication of pollution. 
Also, water containing more than 45 ppm nitrate is believed to be toxic to 
infants. Therefore, the U.S. Public Health Service recommends that this be 
the upper limit of concentration in a water supply used for human consumption. 


Wells 204-909-1 and -2, of the Frewsburg supply, contained nitrate 
concentrations of 20 and 9.5 ppm, respectively. The water from well 
207-906-6, at the Poland Center test site, contained a nitrate concentration 
of 17 ppm. Because all three of these wells are located adjacent to Conewango 
Creek, it is possible that the high nitrate is derived from creek water that 
infiltrates into these deposits. 


OTHER CONSTITUENTS 


Many other constituents occur in the water in the area, but not in 
great enough quantities to limit its use for human consumption. 


Sulfate analyses are recorded for 13 wells in the area and concentra- 
tions range from 1.5 to 65 ppm. However, the 65 ppm in water from well 
206-915-4 is probably due to pollution. The U.S. Public Health Service 
recommends an upper limit of 250 ppm sulfate in drinking water. This 
concentration would probably not be exceeded in the natural ground water in 
the area except for deeper wells in the bedrock. 


Fluoride analyses on 13 wells showed concentrations from O.to 0.5 ppm. 
The U.S. Public Health Service recommends a limit of 1.5 ppm. It is 
doubtful that any concentrations exceeding this amount would be found in 
the area except possibly in water derived from extremely deep bedrock wells. 


Several other constituents such as silica, sodium, potassium, and 
bicarbonate are reported for a few wells. However, the concentrations shown 
tend to be low, and it is doubtful if anyone of these constituents alone 
would cause problems with respect to the use of the water. 


POLLUTION 


INDUSTRIAL 


The ground water from water-table wells and most shallow wells along 
the Chadakoin River probably contains many chemical constituents not 
reported in table 5. 
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A survey of the Chadakoin River, conducted by the New York State 
Department of Health (no date), reported toxic concentrations of cyanide, 
lead, zinc, and copper in the river water. These chemicals were reported 
to be discharged into the river by various industries along the banks. Many 
of the toxic chemicals are undoubtedly also finding their way into the 
ground-water body because several of the large industrial wells induce 
recharge from the river, especially at low flows. The concentration of some 
of these substances in the river, such as cyanide, far exceeds the limit set 
by the U.S. Public Health Service for human consumption. Therefore, most of 
the shallow ground water along the river must be regarded as unsafe or 
potentially unsafe for domestic use. However, the acceptability of the water 
for industrial use is not dependent on the same criteria and must be deter- 
mined by individual industries. Most of the industries now find the water 
acceptable without treatment. 


DOMESTIC WASTES 


Pollution with domestic (human) wastes is both chemical and bacterio- 
logical. No specific analyses or studies were made to try to locate points 
of such pollution. However, the presence of an above normal concentration 
of chlorides and nitrates in shallow wells often indicates a polluted water 
supply. This pollution is most likely to occur in areas where septic tanks 
are found in close proximity. The concentrated construction of dwellings 
in areas without public water supplies and sanitary sewers, such as around 
Chautauqua Lake and in the smaller hamlets, always presents the possibility 
of ground-water pollution. A shallow aquifer is the most likely to be 
polluted, although almost any aquifer may be affected under certain condi- 
tions. With the intensive development of suburban areas without sewers, 
this problem will probably increase and have an important effect on the 
utilization of water supplies in many parts of the area. 


TEMPERATURE 


Water temperature was measured for several wells in the area and is 
reported in table 6. The water temperatures were generally found to range 
within a few degrees of the mean annual air temperature of about 49 0 F. 


The ground-water temperatures are influenced by the air temperature. 
The range in water temperature is greatest within the upper few feet of the 
land surface. However, as the depth below the land surface increases, the 
effect of short-duration changes in the air temperature becomes less notice- 
able due to the insulating effect of the subsurface material. Below a depth 
of 30 to 60 feet there is very little range in the ground-water temperature 
and it remains at an almost constant temperature of about 3 0 F above the mean 
annual air temperature (Heath, 1963). 


Some exceptions to this occur in areas where there is abundant infil- 
tration of water from streams, as in well 210-912-2 (fig. 23). In these 
cases the ground water will have a larger range in temperature. Also, water 
from very deep wells may have a slightly higher temperature than water from 
shallow wells because of the increasing temperature of the earth with depth. 
This increase in temperature is about 10F for every additional 100 feet of 
depth. 
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SUMMARY OF WATER QUALITY 


Based upon the chemical analyses, reports of well owners, and the 
geology, several general conclusions may be reached about the chemical 
quality of ground water in the Jamestown area. 


UNCONSOLIDATED DEPOSITS 


Water in the unconsolidated deposits less than 150 feet below land 
surface is usua11y satisfactory for most purposes. The water tends to be 
somewhat hard but very low in chloride, iron, and dissolved solids. The 
only important exception to this is a small area east of Jamestown (area B 
in figure 42) and the area along the Chadakoin River in the Jamestown- 
Falconer area (area C in figure 42). Ground water in area C may also be 
chemically polluted. 


The water contained in unconsolidated deposits at depths greater than 
150 feet below land surface is also usually satisfactory for most uses. 
Most of the water in these deposits is softer but higher in iron than the 
water in the shallower deposits. However, the concentration of chloride 
and dissolved solids generally increases with depth, and some of the deeper 
deposits may contain mineralized water. . 


AREA 
A Wote r high in chlorides and dissolved solids occurs in 
nearly all bedrock wells and many wells in deeper 
unconsoHdated deposits. 
B Water hl9h In chlorides and dissolved solids occurs in 
unconsolidated deposits greater than 50 feet below 
land surface. 
C Water in shallow unconsolidated deposits may be 

hemlcolly polluted. 


EXPLANATION 


Bustl 


Watts Flats 


SCALE IN MilES 
o 5 


Figure 42.--Areas of water-quality problems. 
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BEDROCK 


Wells in bedrock in the uplands generally yield water of good quality. 
Wells ending in bedrock in the valley areas are more likely to yield water 
that is of poor quality. Nearly 50 percent of the analyses of water from 
bedrock wells show that the water is objectionable because of either high 
chloride, dissolved solids, or iron content. Water from many bedrock wells 
also contains H2S and natural gas. However, it must be pointed out again 
that most of the data collected on bedrock wells represents wells in the 
valley areas which bottom at much lower atltitudes than those in the uplands. 


The deeper a bedrock well is drilled in the valley areas, the greater 
the risk of tapping water which is high in both chloride and dissolved 
solids. The possibility of obtaining water high in H2S and natural gas also 
increases with depth. Nearly all bedrock wells in the Stillwater Creek 
valley yield water high in chloride content (area A in figure 42), even at 
shallow depths. 



SUMMARY 


The Jamestown area is in extreme southwestern New York. Altitudes in 
the region range from about 1,200 to 2,100 feet. The area consists of 
three broad flat-bottomed valleys lying between rolling uplands. The 
drainage of the area is southward into the Allegheny River system, but 
immediately to the north an escarpment dips away to lake Erie from an 
altitude of 1,500 to about 600 feet. 


The area has a humid-continental climate; the mean annual air tempera- 
ture is about 49 0 F and the average annual precipitation is about 42 inches. 
Approximately one-half of the precipitation is used to meet evapotranspira- 
tion demands; the remainder is available for ground-water recharge and 
overland runoff. 


The bedrock underlying most of the area consists of Upper Devonian 
shale, siltstone, and sandstone. The beds generally dip to the south at 
approximately 50 feet per mile. Except for the extreme southeast corner, 
the area has been glaciated and is covered by glacial material. The three 
large valleys are filled with glacial outwash and lake-laid deposits in 
places to depths of more than 600 feet. Lake-laid deposits predominate. 
large terminal moraines are found in the northern part of the area and in 
parts of the valleys. 


Although ground water is found everywhere in the area, yields of wells 
in bedrock and till in the uplands are usually less than 10 gpm and are 
only satisfactory for domestic and farm supplies. The most productive water- 
bearing deposits are found in the unconsolidated deposits in the valleys and 
may be divided into two broad groups: (I) glacial outwash of sand and gravel 
which occurs as layers either overlying or confined in the silt and clay in 
the valleys, and (2) deltaic deposits of sand and 
ravel formed by tributary 
streams entering the larger valleys from the uplands. The deltaic deposits 
have rather large volumes and interfinger with the silt and clay. 


The most important water-bearing deposit in the area is the Jamestown 
aquifer which supplies the city of Jamestown. The aquifer underlies much of 
the Cassadaga Creek valley and extends eastward. into part of the Conewango 
Creek valley. It consists of a glacial deposit of sand and gravel whose 
average thickness is about 20 feet, and it lies below a body of silt and 
clay as much as 140 feet thick. The depth to the top of the aquifer is 
least in the Conewango Creek valley and increases up the Cassadaga Creek 
valley. 


The Jamestown aquifer is hydraulically connected to the lower parts of 
several of the delta deposits in the Cassadaga Creek valley. Before pumping 
from the aquifer began, water was recharged to the aquifer through these 
delta deposits and discharged, by slow upward percolation, through the silt 
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and clay confining bed in the central part of the valley. At that time 
there was a gradient in the aquifer from north to southeast, and the 
hydraulic head was above land surface. 


The city of Jamestown now (1965) pumps about 6 mgd from a well field 
in the Cassadaga Creek valley northeast of the city. This pumpage has 
established a gradient in the aquifer toward the well field from both north 
and south. The hydraulic head in the aquifer is now depressed below the 
land surface except in the northern reaches of the Cassadaga Creek valley 
and in certain other areas during the spring of the year. About 90 percent 
of the water pumped by the city is derived from that part of the aquifer 
north of the well field. Water in this part of the aquifer is recharged 
through the delta deposits. This recharge is derived both from precipitation 
on the deltas and from infiltration of water from the streams crossing them. 
When recharge to the aquifer from these sources is inadequate, water is drawn 
from storage in the deltas. 


The maximum perennial yield of the Jamestown well field depends on the 
amount of water stored in the delta deposits during the summer and the 
gradient available to deliver this water to the well field. On the basis of 
records of water levels in the aquifer and of pumpage, the maximum perennial 
yield of the well field without dewatering the aquifer was determined to be 
about 10 mgd. The limiting factor in the yield of the well field is the 
amount of water in storage which can be derived from the deltas during the 
summer season. The maximum perennial yield might be increased by construct- 
ing surface reservoirs on the tributary streams to store excess streamflow 
during the spring and release it to recharge the deltas during the summer. 
Also, additional water may be available from the northern part of the aquifer 
if additional supply wells are constructed in the areas little affected by 
the present field. 


Another important aquifer is located at the center of the Conewango 
Creek valley near Poland Center. The Poland Center aquifer consists of a 
deposit of sand and gravel ranging in known thickness from 5 to 36 feet and 
overlain by about 10 to 80 feet of silt and clay. The permeability of the 
deposit was determined to be about 17,000 gpd per foot. The aquifer is 
hydraulically connected to the Conewango Creek. At present more information 
is needed to define the extent, character, and.recharge capabilities of the 
aquifer. However, it appears capable of yielding a few million gallons per 
day. 


The other valleys in the Jamestown area are not known to include large 
aquifers comparable to the Jamestown aquifer. Therefore, most of the 
ground-water development has been directly in delta deposits or small 
glacial outwash deposits. Because many of the delta deposits have both 
large volumes and readily available recharge, they are capable of yielding 
moderate quantities of water. 


The quality of the ground water found in the shallower unconsolidated 
deposits is generally satisfactory for most uses. The water tends to be 
hard but low in chloride, dissolved solids, and iron. Some of the deeper 
unconsolidated deposits may contain water of poor quality because the 
concentration of chloride and dissolved solids increases with depth. Water 
derived from the bedrock aquifer is usually higher in chloride, dissolved 
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solids, and iron than that in the unconsolidated deposits. The quality of 
ground water in the bedrock aquifer deteriorates rapidly with increasing 
depth and appears to be due to highly mineralized water migrating upward 
from depth, both by movement along fractures in the rock and via old test 
wells. Natural gas and hydrogen sulfide are common in the bedrock aquifer. 


At present (1965) about 7.5 mgd of ground water is pumped in the 
Jamestown area for public water supplies. Another 1.5 mgd is pumped for 
industrial use and 1.5 mgd is derived from private wells for domestic and 
farm purposes. 


More water may be obtained from ground-water sources in the future. 
Larger yields may be obtained from the Jamestown aquifer, and the Poland 
Center aquifer is a promising source of large supplies. Some additional 
development is also possible in many of the delta deposits and the low- 
lying deposits of sand and gravel in the valley areas. 
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 _ 
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RECORDS OF SELECTED WELLS AND TEST HOLES 
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RECORDS OF SELECTED WELLS AND TEST HOLES 
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RECORDS OF SELECTED WELLS AND TEST HOLES 
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GROUND-WATER RESOURCES OF THE JAMESTOWN AREA 
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RECORDS OF SELECTED SPRINGS 
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